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FIG. 9




US 9,175,828 B2

Sheet 10 of 161

Nov. 3, 2015

U.S. Patent

e g 3 ¢4 g9 1ed  ¢g
\_/. . L o
P R G T O X O @%ﬁwm@é 5 Sﬂ OXNOKIO) m@a@ 5 @Ao GITIG1

fodoele) o Tej o {jeofe[{Joolc] o ey €<} o {cjoolegy [TcFoolcy 6 (o) 6 [cgo0feiy
TGN O XN GEEIOA] F L O NN O NN O RN O IO L O ORNORX OEIO I
I O OXN O EROITI0Y | s SO XX O BN O RN O LI G A O I O XN OXE ST OV I
¢ EN oKX GII0x s GLI O RN O BN G EX O 0:) SO O XX O X OECI 1Y
L8 \.%&S@ NOERORI0I | o O RN O IGO0 O O KN O RN O XTI ]
Y & oI ORI O XN G G4k G GXN OB O KN OLII01] - O I ORR OI: oxaci i




U.S. Patent Nov. 3, 2015 Sheet 11 of 161 US 9,175,828 B2

F1G. 11

B71..




U.S. Patent Nov. 3, 2015 Sheet 12 of 161 US 9,175,828 B2

FIG. 12

0.025

o N\
/

|| \
L\

~90-80-70-60~-50-40-30-20~10 0 10 20 30 40 50 60 70 80 90

LIGHT EMISSION AMOUNT
=
= L.}
P —_
— e

LIGHT EMISSION ANGLE (DEGREE)



U.S. Patent Nov. 3, 2015 Sheet 13 of 161 US 9,175,828 B2

FI1G. 13A

B74
B 72
Ntt”
B71
g w0
& e~ B 71

BHb\Q/



U.S. Patent Nov. 3, 2015 Sheet 14 of 161 US 9,175,828 B2

FI1G. 138B

B71b— | —~— BT

=

B71a

0

_—B72

B74
B74

-

B72a
B74

B7



US 9,175,828 B2

Sheet 15 of 161

Nov. 3, 2015

U.S. Patent




U.S. Patent Nov. 3, 2015 Sheet 16 of 161 US 9,175,828 B2

FIG. 148
B7
372 B71a
B57 B72a |
B71) BT4
\ N )81 J
a4
S
\ikf 177 SN
j ~B61 (B6)
L 7 \
B35 7f B34
560 B64
B73



U.S. Patent Nov. 3, 2015 Sheet 17 of 161 US 9,175,828 B2




US 9,175,828 B2

Sheet 18 of 161

Nov. 3, 2015

U.S. Patent

Z m , ﬁ ] — 1 I
! \ ’ g v h \
>0-0 ono__ %:@ 010D G0/ 0100
0 00O O/0D=C0\0
ST [ ©0r0 0 nuoo vono_ 0 0D
| 50000 O O 0D=C0 D 0D [
| | ©0 000100 00 00,00 |
BT 000 00050 0 000D |98
esaf - OO O @omo owo 00 OO K
Sl LR lomizor pomgroio0p [
q58-4+1 .,/ // //,// /,,_ “ v ﬂ / \\\ )
/ , PN * K \ /
o b 4 IR AT Iﬁ: 798 ¢ lagse]
¢5d mm mm%mm £54 i_m SJm w/mm £6g Emmwm@mmmummﬂmmmmm mwm_nmm Besd

91




U.S. Patent Nov. 3, 2015 Sheet 19 of 161 US 9,175,828 B2

FIG. 17

'““"““”“'““"“‘""‘”"“'“""""'"'"""”"""'::tl ,! /‘B 5 2 a
,i/::.. |
il BEb
BSa 4 1
H e I
L p !
s 5 i
“““““““““““““““““ l*"*—————~—~-¥{f i ﬁ'\/’B 5
i
“Bbla |
-1 +—B52

B et T




U.S. Patent Nov. 3, 2015 Sheet 20 of 161
F1G. 18
B8
S B&3
BE81
g1 [/]B82 7% '8
BES B&87a
\ /B55a
o e
a f

US 9,175,828 B2



U.S. Patent Nov. 3, 2015 Sheet 21 of 161 US 9,175,828 B2

T
o
—
o -
[ 0 Rl 4
N
@D r—=...}.].{]
o L
s RN
N k)]
el H
od
[ p)
o
<
N
o I o
0 o
=
o o [
o — ik
m\a ’LO
R e
N
[™] o O
v
] o
o
A
s |
DN I B4
— O—’ﬁ_\ i
(83} o \__:: N
(o'n BN |i1] B £
it —
- !
(@] ’,’
o J
1
<3
(@) e
— o
28]

FIG
s



U.S. Patent Nov. 3, 2015 Sheet 22 of 161 US 9,175,828 B2

-B91d

Oﬁ/“"“‘”
an)
T
od 4
o
(A8 |
o B} —
<€ =
L )
e o
o N L
MmN

B61

BY92a
p

B91c

B91a.

FI1G. 20
ﬁ:ﬁ?



U.S. Patent Nov. 3, 2015 Sheet 23 of 161 US 9,175,828 B2

FI1G., 27




U.S. Patent Nov. 3, 2015 Sheet 24 of 161 US 9,175,828 B2

B61c
Ba1d

3971b

B9

FIG. 22



U.S. Patent Nov. 3, 2015 Sheet 25 of 161 US 9,175,828 B2

FIG. 23




U.S. Patent Nov. 3, 2015 Sheet 26 of 161 US 9,175,828 B2

FI1G. 24




US 9,175,828 B2

Sheet 27 of 161

Nov. 3, 2015

U.S. Patent

@Nmmﬁmk\gﬁm 28 7 L8 v8 88 S8 18 ¥E g “lg e m,,mgmmﬁm

, W A, h | - AV - ]

) LN A AR
106l w@”@_fg s @u@m@@.@_ @& @@w@m
{OrIONMOE Ol MOrIG LG MOMO - OMOrICMOMOKo]

N I e 110 MO 10 ][0 120 EIO MO MOE10) _@[@gu@w@@ﬂ;m

ol | CrOr00eD-CrO 0 00O - OLOD Tk
2L E NN o120 MO 010 L O 1=0 MO 0:10 L0116 IO MOr10:

&@@@m@u@@@n@u@m@n@u@h@u@@@m@&@w@@w 84
eS8~ 0D T OEID) @W@u@:@m@@@_ [GIa6 G MORI0)N
i @.@H@,@ L e
458911 A ,_ \ / __ \
s / .@,.‘;:,:,, \_/// \
! ecg ) ocalz8 |vg | L zg 589 | 78 e | 75 ¢35 5 7ada]
AT 187 6g"" g gggtt pe 958 19 eigg 2258

G¢ 'Ol 4



US 9,175,828 B2

Sheet 28 of 161

Nov. 3, 2015

U.S. Patent

Q

-3

[,

e,

€698y

el

0
—
|-t

~

1949

o
(aa]
o = = S

014



US 9,175,828 B2

Sheet 29 of 161

Nov. 3, 2015

U.S. Patent

e288 el1gq £G6d

elgg ¥268
CEER 99158 |48 858 *9%8 gog _mmgmmp

m,_ I _m - —
M S Y
0D-0 &0 @Wﬁ 50 Qo__omoﬂo >0

Qooo&omm%ooonoouo ﬁ 9

T 00 GO0 oAyQo_,o&/@@o

S0-0-0D=H0 O OHOD=CODDD |
| | 00 0001000 0000050 |

ST ] ©0r0 0020000 O 0D=C>0 OO |98

587 OO OO0 O 00000 O |y

| ﬂ@ oﬁoﬁﬂo O oﬁo@ &0[000 |

AN /, BISTNAN/TS

02 4 mmm £581£99Y 558 m@mﬁ - 4vmm | “Qmm‘
T e,



U.S. Patent Nov. 3, 2015 Sheet 30 of 161 US 9,175,828 B2




US 9,175,828 B2

Sheet 31 of 161

Nov. 3, 2015

U.S. Patent

ONONONONONONONONONONO! OONMOEONONMO)
(OHONONONONONONONONOC ORONONONONONO)
ONONONONOMONONONON ONOEONONONONONO)




US 9,175,828 B2

Sheet 32 of 161

Nov. 3, 2015

U.S. Patent

—— N

ag; oo

St




US 9,175,828 B2

Sheet 33 of 161

Nov. 3, 2015

U.S. Patent

(9)
L9 o ¢ v |
— VAN
s 073 O OEN G IR ORIO]
O ONEO)] OO OO OXIO!
O ONNO)] AOTIIOEN O ONNORIO]
IOEMONNO] OO ENO N ONRONIO)!
OENONNO] 2O IO ONONNONIO]
OERONNC] IO OCNO NN ORI ORIO)
OEROMEO]
w@m OB OO RIOI [OEND)
V / \i /! v.,
1 i by 7 .
A ¢ v o1e x ¥
¢




U.S. Patent Nov. 3, 2015 Sheet 34 of 161 US 9,175,828 B2

[ VT
w2

FI1G. 32



US 9,175,828 B2

Sheet 35 of 161

Nov. 3, 2015

U.S. Patent

961

ST

2017

LT -

e

BLGT T~

GO O 00 O O 00 O OO
OO0 O OC=0 O O OO0 O 0O
SO O OG0 O O OO0 O OO
GO O OO0 O O OO0 O 00
GO O OC=00 O C O30 O 00
GO O OO0 O O O3>0 O 0O
GO O OO0 O O O3>0 O OO
20O O 00 O O O30 O OO

est

)

J
eg

\

T
;i / y

|
S

_ APV
X N fmmm_,_mm

egG
£t D14



US 9,175,828 B2

Sheet 36 of 161

Nov. 3, 2015

U.S. Patent

FI1G. 34

53)

4-53a (

s
s -
<.

= ér//b 2a

\ v
Ny
-



U.S. Patent Nov. 3, 2015 Sheet 37 of 161 US 9,175,828 B2

FI1G. 35
56  b¢ 56a
[/ < 522
+—53 (531
- B (53b)
4452
~51a 5
58




U.S. Patent Nov. 3, 2015 Sheet 38 of 161 US 9,175,828 B2

FI1G. 36
53
5 53a/ 25
N L
5/
/<"“53 (53b
5b )
\ Yy
513 y
21 __—5b \E//a




U.S. Patent Nov. 3, 2015 Sheet 39 of 161 US 9,175,828 B2

FI1G. 37

71a

74

A—"

73

[0y

72—F

3./

L I




U.S. Patent Nov. 3, 2015 Sheet 40 of 161 US 9,175,828 B2

F1G. 38

e S 5

—52

-5 ¢
1~ 586




US 9,175,828 B2

U.S. Patent Nov. 3, 2015 Sheet 41 of 161
FIG., 369
53b
50 be 53¢ 54
2 /} '\\\ : hba
"""""""""""""""""""""""""" TS -5 2
AN~ % ¥ 532 (53)
5 A 53
____________________ | / Lé_/ 58
i D
}—52
g --5¢
56




U.S. Patent Nov. 3, 2015 Sheet 42 of 161 US 9,175,828 B2

FI1G. 40
56 b5¢ 56a
p
‘ / / 1_—%2a
+—53 (53D)

Q Hoa

Nh1, 58
4452

L_-5¢C

J~_-56




U.S. Patent Nov. 3, 2015 Sheet 43 of 161 US 9,175,828 B2

FI1G., 41A

FI1G. 41B
36 5; 59h
1 i/ \! ]
~+-H9a
5h ~—T+57 (57a)
\ L
~bla
Al 5b N
— B¢
I~ 56




US 9,175,828 B2

Sheet 44 of 161

Nov. 3, 2015

U.S. Patent

©76 948

\ /48

; BLS gg 98 5
./

( elg

/
p ) !
J 335 |

\/\A\\

CUACT N B

A, 028 N

0 O 00 O 0 0O<TEE0 O 0D
5] ©0 O OO0 0 O OG0 O 0D
05| | OO O OO0 O O OTE>0 O 0D
O O ODH>0 O O 0RO 0 0D

° 0 O OEH0 O O OTEH0 O 0D
T | ©O0 0 00 0O 0 OO0 O 0D
5T+ OO O OTHOO O O 00 O 0D
mWﬁ(@@@@@ﬁé@@@@ﬁéoo&
i .
DE\\J, e \v 926 .
&m u_,mfm as @m/ f.mm\mim __



US 9,175,828 B2

Sheet 45 of 161

Nov. 3, 2015

U.S. Patent

1574 M W \ LG mﬁm mmm owm 1] _,Hmm,_ﬁmn vamm
asp T _M 375 N v
0 O OE0 O O 00 O OO [P
= ©0 O OO0 O O OO0 O OD
95-f 0O O 00 O O O3>0 0 0D |
il | ©O0 0 050 O O OO0 O 0D |
SO0 O 0> 0 O O OE>0 O 0D
T | ©0 0 00 O O 00 O 0D |-
%511~ ©0 0 0<TE>0 O O OLx>0 0 0D |
@f{ﬂ@@@%@@@@@@@@@@&fm
LG — :
ﬁm\\.\n/ = \ — - >
e2s vammm it wm/m Sm%wmwm_m%mh_



U.S. Patent Nov. 3, 2015 Sheet 46 of 161 US 9,175,828 B2

F1G. 44
2
)



US 9,175,828 B2

Sheet 47 of 161

Nov. 3, 2015

—
PR K
L

¢ 12 em?

i
/

§
:; \

(OEIOR0)HOE OEIOEIOR(0) BF

U.S. Patent

\ = = =5 =5 =% P
: A m
:::::::::::::: RN RN R
00000 .
N 7
VR Sy 914




US 9,175,828 B2

Sheet 48 of 161

Nov. 3, 2015

U.S. Patent

FI1G. 46




US 9,175,828 B2

Sheet 49 of 161

Nov. 3, 2015

U.S. Patent

L r@1e ¢ .

/ { v ) A

@ ° @ @ IOEIOENOENO,

]

[
4

(=t = () : )

o
o

Ol

@ o (o ()]

o}
o}
o
i
b

(o]
O
o
A
=

S\,m OIROIIOEORNOK @

IR T
et P

m\,,\u\wo OEI01IIOEIOKXO a\_w (=) oo CO—te
IHOEIOENOENOIIOI B T
¥ | : ERCEE




US 9,175,828 B2

Sheet 50 of 161

Nov. 3, 2015

U.S. Patent

FI1G., 48




US 9,175,828 B2

Sheet 51 of 161

Nov. 3, 2015

U.S. Patent

FIG. 49




U.S. Patent Nov. 3, 2015 Sheet 52 of 161 US 9,175,828 B2

FI1G. 50

552 54b [ 54¢ )
528 59 54



U.S. Patent Nov. 3, 2015 Sheet 53 of 161 US 9,175,828 B2

FI1G. 57




U.S. Patent Nov. 3, 2015 Sheet 54 of 161 US 9,175,828 B2

FIG. b2

10— 51
72— 0
H
E; )
| N
?\"‘-}
]
X 51




U.S. Patent Nov. 3, 2015 Sheet 55 of 161 US 9,175,828 B2

F1G. 53

56b

57b

5b¢




U.S. Patent Nov. 3, 2015 Sheet 56 of 161 US 9,175,828 B2

F1G. 54

58a 58 58a



U.S. Patent Nov. 3, 2015 Sheet 57 of 161 US 9,175,828 B2

FI1G. 55

59



U.S. Patent Nov. 3, 2015 Sheet 58 of 161 US 9,175,828 B2

FI1G. 56




U.S. Patent Nov. 3, 2015 Sheet 59 of 161 US 9,175,828 B2

FI1G. 57

h2c h?a 59



U.S. Patent Nov. 3, 2015 Sheet 60 of 161 US 9,175,828 B2

= /N90000 0

LT 000000
00000000
00000000
00000000
00000000

0000000

FI1G. 58



U.S. Patent Nov. 3, 2015 Sheet 61 of 161 US 9,175,828 B2

0000000

0000000
0000000
0000000

F1G. 59



U.S. Patent Nov. 3, 2015 Sheet 62 of 161 US 9,175,828 B2

FI1G. 60



U.S. Patent Nov. 3, 2015 Sheet 63 of 161 US 9,175,828 B2

FI1G. 61

i _ 112




US 9,175,828 B2

Sheet 64 of 161

Nov. 3, 2015

U.S. Patent

¢9 014



U.S. Patent Nov. 3, 2015 Sheet 65 of 161 US 9,175,828 B2

F1G. 63

’ 3 7326/22&)’
/ la
22
21bl 22¢



U.S. Patent Nov. 3, 2015 Sheet 66 of 161 US 9,175,828 B2

FIG. 64
{
ch 112 3]222718
11 | N (ra
§m¢ LI
NZ [N
4 7 AN
/f ) \—22p '
7b 7 7a
31¢ 272
31b 29 ¢
22¢C



U.S. Patent Nov. 3, 2015 Sheet 67 of 161 US 9,175,828 B2

FI1G. 65
22a
Hdm 41a
8a
118 | RJ /,/
£ S KM { /r‘\./k)/\/; /
NI 7NN
/ S 270
7 \Ya
27
41D 22¢
27¢C



U.S. Patent

Nov. 3, 2015 Sheet 68 of 161

FIG. 66A

F1G. 668

US 9,175,828 B2



US 9,175,828 B2

Sheet 69 of 161

Nov. 3, 2015

U.S. Patent




US 9,175,828 B2

Sheet 70 of 161

Nov. 3, 2015

U.S. Patent

mmq

Qe O

H@H@H@M
@M@H@H@@@E@@ ([ONG
_@H@u@ugu
uwvw-@H

wmvg

H%H@H%-Q
MOMOI-6 1 O IOMOMOL-0!
H@H@M@E@-%--..Hg@m
@5@ ,H -gg
m mv I v
@\Q

,/_\
AN
v LY

.,N i??/




US 9,175,828 B2

Sheet 71 of 161

Nov. 3, 2015

U.S. Patent

(9)
LIRS bz ¢ ¢ L e Cpy ¢ Y
N N U N N B \M L A
A i (I A ﬂ\ \ L
IGRIC CROLMOTIO) G M B C S O LM U1 H{O) w@ CEEOLNO
[OGERGENONNGRICI IO @ I OIOBN ORI O FLO: @ lomGoRIc
Pz um Pe 97 Pl 07
ORI OIN OO OHIOKIONIO MO BN OLNO HORIO NI O NI OTN Ol
[GENOENOEORIGI OERGENOEEGENO) OERORIO]
ORI OO RN O DO IO ONNO N OLN O] 1 ON:I O NI O O DR Ol
|OENGNNO MO RIOM [OEN O MR MO
G G O N O TR O I [ ONIO BM G RN O)
Pe ¢ P2
NOENOINOEONID. X OEHONOND
1 \ , 7T
2 YA oﬁmzm;i g




US 9,175,828 B2

Sheet 72 of 161

Nov. 3, 2015

U.S. Patent

eﬁ

Zumhm:w

o&@ge&&oo&%&&

Ly, LV €V ¥ EY

0 0 0500 0 Qﬂoﬂ@%o ere)

Ly _ev ¥ €y ¥ €V ¥

OO O CCE00 OO OCCEO0 O 0
OO O OCE>0 O O O S0 O OO
OO0 O CCEOO O O CCEOO O 0O
@OOO%OOOO%OOO&

eV v

@ﬂwogm\d@ﬂwo Own@u@&o@@

26

Ly _€¥ Ly

€7 Iy Sl

90 03350 6 0o OO

wmi \\\/m/ o ,\//

'y LY vy oy ly o7 Z y E
0L D14



U.S. Patent Nov. 3, 2015 Sheet 73 of 161 US 9,175,828 B2

F1G. 71




U.S. Patent Nov. 3, 2015 Sheet 74 of 161 US 9,175,828 B2

FI1G. 72

32 41



US 9,175,828 B2

Sheet 75 of 161

Nov. 3, 2015

U.S. Patent

FI1G. 73




US 9,175,828 B2

Sheet 76 of 161

Nov. 3, 2015

U.S. Patent

FIG. 74




U.S. Patent Nov. 3, 2015 Sheet 77 of 161 US 9,175,828 B2

FI1G. 75

/820

——82a

7 __81a

e 8

qo
(O]

iie]



U.S. Patent Nov. 3, 2015 Sheet 78 of 161 US 9,175,828 B2

FI1G. 76

71D

73‘/‘

70—

12—

72a—" |




US 9,175,828 B2

Sheet 79 of 161

Nov. 3, 2015

U.S. Patent

[

@m@n@u@@\%& 00 o@\!@@@ @s@@\@

| ¥

phs T R e e a L8 Ly

WO Cun v \
(GG MOME 101G o @ (@161 @ _@

900 0a0H0RG 908050 @p@w
QN EOmO)]Cr 6 (OO MOMOL 6+ 0 JOMOMO) el
L7 ey 8 IR A A mﬁ Ly ey 8 w vy
(O CMON @@%@@ [CHONG 1010 OMOMO 10!

O MO MO 60 IOMO MO IO

7

(GIOMONO GO GNOMONMO IO O OMONMO 10!

OCIOMOMO G 1610 MO MO M Q@@.ﬁ.@@@ @ @ .

8tV 1y 1y E¥g BEV |y Ly EV 8 gty




022 §

US 9,175,828 B2

[\

s
o
e
e

ORIC MG

A

ey
el
]
[lsed]

OGN ONMO)]

¢9¢

o
-
L
ko
TR
i

) =€) K<)

DR
K
o
R
e
'

OEROEEO)]

Sheet 80 of 161

~
o
%
N

OIEIONRO)]

2%
N
Rt
==
R

i~
o
Jy
o
ﬁ‘“\
o

Nov. 3, 2015

%
]
B
oo

U.S. Patent




Sheet 81 of 161

Nov. 3, 2015

U.S. Patent

US 9,175,828 B2

q vf\ Q Q m,v L7 / mf__ﬂ :;fq
o&@@@o&@@@oo&o@@
OO OO0 OO0 O 00D OO O 0O
OO O O 00 OGO 0O 0D OO
OO OO OO0 O 0D O 60O 0000
OO O O 0O OO O 00 OGO
0 OO OO0 O 00 OO O 00
00 RO O 00D O O 000 O 0
ﬂooﬁo@@oom@@ 09 9
;mf_v Qmw N /M,_Wq Uv 4 _ﬁ va« ,qw Em@_p




U.S. Patent

F1G. 80

Nov. 3, 2015

Sheet 82 of 161

10a

-3

US 9,175,828 B2

4
N

AN
i

- 10Db

I
15

b 1.1
AT NN Y
i v

o
KW
1 T

l——100Db




U.S. Patent Nov. 3, 2015 Sheet 83 of 161 US 9,175,828 B2

FI1G. 81




U.S. Patent Nov. 3, 2015 Sheet 84 of 161 US 9,175,828 B2

Fl1G. 82
0,025

=

2 0.0z

: N

Z 0,015 / \

=Y

Led

ol \

5 0.005 / \

0 L : I i L 1 L i ! r 1 I i L ; 1 1

~90-80-70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 80 90

LIGHT EMISSION ANGLE (DEGREE)



US 9,175,828 B2

Sheet 85 of 161

Nov. 3, 2015

U.S. Patent

Bale .,
°2z |ale )
¢e
@N//
/
e 2
/0
R o777
) J@J /Ll
X% 7 Le oy
07
£8 'O 4



US 9,175,828 B2

Sheet 86 of 161

Nov. 3, 2015

U.S. Patent

eq 1y eq 17
072
omm/ Dwm ) 2272 vgwmuwm
27~ | qee 27
e/ \N €6 6 f/
| /| | ) \
J v,\% e W
R Z ISR R Z NN
vimf,\/w \ W W\VQMf \ _ A\/\A\\r \ W 7
T Ll {
@Wmmmwmwm aiL v vwwm A
17 el 0 €87 H
\ \
07 02
78 "9 4



U.S. Patent Nov. 3, 2015 Sheet 87 of 161 US 9,175,828 B2

ﬁ@’
AN

N .

FI1G. 85
11
j



U.S. Patent Nov. 3, 2015 Sheet 88 of 161

F1G. 86

12

US 9,175,828 B2

1t S
- YO
B/ﬁg
0 i
L |




U.S. Patent

FIG. 87

Nov. 3, 2015

Sheet 89 of 161

86
20d

ZOaZOb

[de)
N 4]
H h
—
< ) <
-
\
L{j—\a-——
ot
'%‘\cﬁ
<t
:
© N
N 2N [P
m_.'"\_./
G_> P-'- & _c
D“—m—’_'\r' [a]
N ;“’"“ . o
L
N R
[aN] QO—/Q(

US 9,175,828 B2



US 9,175,828 B2

Sheet 90 of 161

Nov. 3, 2015

U.S. Patent

(1)

£ 02 _vﬁ_ LK m o_m v 02 g 0z ¥ 07

m@m@ .ﬁ@w@g@&. @w@ .w@:.@w@r@ @m@_
GO E MO M Se(0):1:0el O MO MO MO 00 IOMOMOO)
(GUIONMONEC GO IOMONMOMOI 010 JONMOMOE:
@Q@H@H@m@E@ﬂ@u@u@u@m@g@m@n@u@w@m
(G ONMENGI G 1 OONMOMONMO G 10 ONOMOID)
(GO MOMOO: G IOMONMOMO G 10 ONMOMOIO)
(GO NOMEE 100 MONMON (61610 ] OMO MO0

\@0@ O C .@@m@ﬂ@ [(0) @ @o@i@o@i@ .w@z

f ' m ,_ 7
g | ¢ ¢ / oe M_w _m_ oy b om
b_\z ue 07 ¢ m : et e
88 "9 4



US 9,175,828 B2

Sheet 91 of 161

Nov. 3, 2015

U.S. Patent

Q\H 97 4 9
AN [ S
[{ZEROMNIOIIIOIN O] OIEION
OINOIOILIOEND) . [OIXO)
OINONIOIIIOEND [©) OIXO]
Qmw Qmu
OENOEIOIIIOEND. O] [ORIO]
OO ) (<) OMIOL
) ) (<) <) OIIO]
) _€-) O] OO
MEdp €3 &) @ e dmu@
\ / / ! [ /
o Ll ey f s, & dre e v oay
¢ ay G 9 qv g




US 9,175,828 B2

Sheet 92 of 161

Nov. 3, 2015

U.S. Patent

(1)

WVN 9 1 m« 9 S E 9. 9. SS

Qoo%@%ogogggoo%@
000 O OoCERO O O 0oCze0 O OO
020 O 0e0EP0 O O 00 O 000,
00 O 0000 O O 0e0IPO O O
000 O 0oz O O OoCze0O O OO
000 O QoOz0 O O OoCT0O O OO
000 O QoCZ0 O O 0oz O OO
EOOQQQOOOQQQOOQ@

/ _
2 S 9/ 91 g) 9 91 SS_S

06 "'914




U.S. Patent Nov. 3, 2015 Sheet 93 of 161

FI1G., 91A

FI1G. 91B

US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 94 of 161 US 9,175,828 B2

FI1G. 92A

TN




US 9,175,828 B2

Sheet 95 of 161

Nov. 3, 2015

U.S. Patent

FI1G. 93




U.S. Patent Nov. 3, 2015 Sheet 96 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 97 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 98 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 99 of 161 US 9,175,828 B2

FI1G. 97

4¢ 4b
85 84

10d



u
S. Patent

Nov. 3, 2015
Sheet 100 of 161
US 9,175’828 B2
] -
~._ ’ ’ J ’ ’ ‘ ‘ — \:"'\OOQ
ﬁ;z>®9@@@@@@ﬂ“e
m,,@@@@@@@@fxm
@</@@@@@@@@— =
Q:@@@@@QQG -
mi;'@@@@@@@@\m
,,_"__‘M: =l =L =1L =1
m/,/@@@.@@@@@
- ,,-@@@@@@9@ 1
QGQQQQQQ
m;»@@@@@@@g
“@@@@ﬁ@@ﬁ”
> /’9@@@@99@\
. /»@999@@;@@ s
. @9@99999‘ ----- ;
. @9999@@@
> @@@@@@@@“@
> So L -
1 \ o0 1=



US 9,175,828 B2

Sheet 101 of 161

Nov. 3, 2015

U.S. Patent

B89l e 0 g o) CI00E g 91 91 g8l i
/g = |\ ] / | A _ L] (-
S A T VA AN |
| | G50 0 030 0 0 0dcho 0 0D |1
) GO O OO0 O O OO0 O OO
LT CO O OSSO OO OE>0 O 0D
S 0 O O&m@ﬁ@i@ O OO0 O OO
GO OO0 O O 00 O 0D
=l GO O OO0 O O OCER0 O O )1
SO O OO O OO0 O OO
mJ >0 O 0020 O O 0EHO0 O OV J
T \ ! p \ «/ / A SN
T x,ﬁ\ ——
w_wm:m:z /NS ¢) AWM:: L 9L 9 el leislig le ()

66 D14



U.S. Patent Nov. 3, 2015

100

FIG.

Sheet 102 of 161

61a

US 9,175,828 B2



US 9,175,828 B2

Sheet 103 of 161

Nov. 3, 2015

U.S. Patent

Z
L4 X :J
;@ /@-ﬂ_ e
HEhe) ---.,,n@ﬂﬁu
v
---@Hw@g@ﬁ,

a@g@@.‘ © G u@u G Om) @i@ u@ &z
NOIaf:+OIOMOMOMONIas::OI0OMOMOIa0)
N_g (NGNSt OeIOMOMONMO a0 0 MOXaG)
'. ([OMO) a@ﬁ.@m..z '---@ u@-ﬂmﬁ.@m@ @ @ am

ev. ¥
59@4@ H@HW@%; u
z S / \:/._ 1 e / N
. / : \ ! /] : i
27 vvmﬂm € \ Bmxem/vm ) Vm\ mum_\;?m _um ¢ \omﬁmm
'y LY 22, gl Ly by ¢ 1y Ly LY
L0l 91 4



US 9,175,828 B2

Sheet 104 of 161

Nov. 3, 2015

HOENOENOEORIONIOENOEEONND !

OENCENOENORIOIH IOENONIONNG)

OENONEONIOIOI HIOENONIONNO)

OENOEROENORICHIOENONEOENG)!

IOEROEIOEROIONIOENOEO IO OEIO] HIOENOEEOENORIO]
OEROEOEORIONIOEEOERON OO

U.S. Patent




US 9,175,828 B2

Sheet 105 of 161

Nov. 3, 2015

U.S. Patent

L
w wwmq N#@vmqﬁw N /mv,wmq eV 1y

Omomwog@ooo%@oo&

GO O OO O O OO O O
GO O OO O O OO O OO
CO O OO O O OO0 O OO
O O OCEKA0O O O OE,O O 0D
OO O OO O O OO0 O OO
OO O OO O O OO0 O OO

Q@OO%/OOOO%OO@@

ey e | lev
; ﬂmv bq Ly Ly ¢ L% ;

e0Ll "Dl



U.S. Patent Nov. 3, 2015 Sheet 106 of 161 US 9,175,828 B2

FIG. 104




U.S. Patent Nov. 3, 2015 Sheet 107 of 161 US 9,175,828 B2

FI1G. 105




U.S. Patent Nov. 3, 2015 Sheet 108 of 161 US 9,175,828 B2

FIG. 106

2 59 2
N 531 W)/

N =

N
\ N
i | ———————
SN V22




U.S. Patent Nov. 3, 2015 Sheet 109 of 161 US 9,175,828 B2

\ )
o T toi
L




US 9,175,828 B2

Sheet 110 of 161

Nov. 3, 2015

U.S. Patent

FI1G. 108




U.S. Patent Nov. 3, 2015 Sheet 111 of 161 US 9,175,828 B2

FI1G. 1089

/ 820D

—87a

7 W&Ha

<~ 8 1

o
@

g



U.S. Patent Nov. 3, 2015 Sheet 112 of 161 US 9,175,828 B2

FI1G. 110

g (A 71D

73

[0

12—

I
(o0
o

722"

r - il 1T T
il A ENY) X
Vo ' 7 pu ya




US 9,175,828 B2

Sheet 113 of 161

Nov. 3, 2015

U.S. Patent

FIG. TT1TA

FIG., T11B




U.S. Patent

Nov. 3, 2015 Sheet 114 of 161 US 9,175,828 B2

12

FIG.

ﬁN
= o
Nm
<
QU I % «<
[d»]
— -
—_—1
\ oV
N
[N
\N
[ap <D
<
— ¢\ I
o ] oy
— § oo
0
e} Qq_"-"‘v
N,/‘W
cO «d Laad
< oo"““ﬁg e
o _ [aN]
oo~ T o0
00— ‘-\\ «
m L et
—y ]
¥ 4o
= o




}

US 9,175,828 B2

Sheet 115 of 161

Nov. 3, 2015

, m | m_w L7
aaﬁWﬁgwﬁwHmwnavﬁéunmukmuLmuuwu f @mwﬁ
_@@QH_@u@ws..@@”©,-,@I,@s@w%@mu@---@---@-.@g
;gg@.-uﬁuumwwmwnéymmu;mwiﬁwHmM@avgawmmu;mu;ﬂM@awﬁ
OO munmwumuﬁﬂv=
Ol ONO M oo
nmwwﬂwnmwuhn@mv:mw@nwunynqwu-nmavsmwmugumwunv@mwa
mgw@mu ﬁu;ﬁuw5vgaamuvuu'mu ROIao :ﬁ@@hvuﬁuumu@5ﬁ=

£t Nv

~

:h@uﬂusﬂu 010

——— e TR e

——— -—— [P,

S

U.S. Patent

ST O H\,,_/ i s
£ 8
Nmuvwﬁwm wﬁmmm_m( Ly ¢ wﬂ\mww/ mmﬁpmm




US 9,175,828 B2

Sheet 116 of 161

Nov. 3, 2015

U.S. Patent

(9)
Wezoe L ozoe o pzoe 7oL 9T pp7 ¢ Y
) ! A , _w, { S A A /
A oo N O A L NS [
HOENO] mu @.u ZOIHIOINGAROEICERORIONIOENO N CENORIO]
NTOENOMOERORIOHIOENOEOEN O ORIOI I IOENON OO IO]
OENONIONNORIONIOE MINOENG: (OEROEIO]
HOENOERONEEONIOIIIOEROEOEOEORION IO ERON O OIIO]!
IOENOENONNORIONIOLEROEIO IO EORIOHIOENO OO IIO]|
IOEROEIOERORIOHIOENOEOENOEONIOI I IOERO MO MO0
HOENONNONIOIIOIHIOENOEIOEIOEONIO] IO ERO N ONR OIO]
IOENOENGIORIOI I OFROERONR OO wmv baldy € €, €9 2 (=0
S ANV SENER Y/ YA S RNV R
T ! ~7 A ? _ v T h \ Y T f 1
¢¢pz T ¢ &NNF. e 0 um; _mnm € ¢ 9¢ ¢¢
2¢ G m
1L "0l




Sheet 117 of 161

Nov. 3, 2015

U.S. Patent

US 9,175,828 B2

,@0@0%9000%000&

OO O OSSO OO 00 O 0D
O OO0 O O O0OCE>0 O OO
O OO0 O O OO0 O OO
OO O OO0 OO0 OO0 O 0D
OO O OCEKSO OO OO0 O OO
OO O OCESO OO 00 O 00

99 © OPKFQ 0 0 OPIR0 0 O

_3 i /mv 2 ;v ;q
AN 4 : ERAANE Ly % mw [ ¥ | ¥

SsiL 'Ot 4



U.S. Patent Nov. 3, 2015 Sheet 118 of 161 US 9,175,828 B2

FI1G. 116




U.S. Patent Nov. 3, 2015 Sheet 119 of 161 US 9,175,828 B2

FIG. 117




U.S. Patent Nov. 3, 2015 Sheet 120 of 161 US 9,175,828 B2

FIG., 118
8
\ 32a
L o=
L —)
\—Z—J
82b
—8 2
i’
g2
77 W&Ha
i~ 8 ]

0a
&S]




U.S. Patent Nov. 3, 2015 Sheet 121 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 122 of 161 US 9,175,828 B2

FIG. 120




U.S. Patent Nov. 3, 2015 Sheet 123 of 161 US 9,175,828 B2

FI1G., 121

1D

73

70—y

12—

72a-""




U.S. Patent Nov. 3, 2015 Sheet 124 of 161 US 9,175,828 B2

FI1G. 122




U.S. Patent Nov. 3, 2015 Sheet 125 of 161 US 9,175,828 B2

FI1G. 123




U.S. Patent Nov. 3, 2015 Sheet 126 of 161 US 9,175,828 B2

FI1G. 124




U.S. Patent Nov. 3, 2015 Sheet 127 of 161 US 9,175,828 B2

FIG., 125
I
7
173 /
N 62
) 2 al L 6
é\.y
-2
\“:‘;’\mm
o) 702 =i >}_ea
TO1—p 24
7 a— 7N
W—2 3
N
~a | A




U.S. Patent

Nov. 3, 2015

126

FIG.

Sheet 128 of 161

O -

3

24
00

US 9,175,828 B2

L1 ’___C"O
rgy o
(7‘“‘\.__ ©
(g
& &
o O N
o N
od |
—F
<t
s
i’ o
LON/\ C o o3
o4 N o
o
. =
AN %
o= 4
@(2 e
I%\ o
NN ?
od
41
S
‘q_f
)
o~ N




U.S. Patent

Nov. 3, 2015

127A

FIG.

Sheet 129 of 161

il

33

:
!
;

US 9,175,828 B2



US 9,175,828 B2

Sheet 130 of 161

Nov. 3, 2015

U.S. Patent

Vg €2 a:m 2252 17 8270
/ L e .
Auoomvw f NOENOIO! S
\©o©z@ﬂ®s®g©@©g©&

OEEIOK:

‘ ¢
\@ ROIION

OEROEIOL:
\
{

¢¢

vy

v

€

4

Uvn;@ ok

\

{

4

\
e¢

8
.

o

4.¢ 1

Ol 4



US 9,175,828 B2

Sheet 131 of 161

Nov. 3, 2015

U.S. Patent

128

FIG.

32,52



US 9,175,828 B2

Sheet 132 of 161

Nov. 3, 2015

U.S. Patent

Gl

mm w v% m,_w
1 ,, ._w = I
t0e 00 O O C 000 O 00 0]
E00 X O O 0O 0O 0eDFCe O QRO 80
|| £0e 0 O © O O Oe0kCe O O O #0:
W ECe D O 0 O O 0e0ECe0O O 001 |5
S 50 OKO=0OKO © 00
00 O O O O 0e0f
0T 402 0 O 0O O O 0 e01
| 280 00 © O O O e0ORC
J[20e 0 0[O0 050 OpO:
1 Vs VS /)
o _.o,._ /v\ o _?\_\\ |
¢ & ¢ ¢log fim_\~ w_\_\ y




U.S. Patent Nov. 3, 2015 Sheet 133 of 161 US 9,175,828 B2

11
/
[l
!
[
:
~

12

o~ A d
L |
o b= A A
]
L I
\-.
o t 1 )
ﬁ.. ] o t t o1 () () 1
\—‘\o
lap T
—i e - -
— ] I Vi i i i H :
L
T—"\
1 : b i i [ : | H
o 4 1 1 % ] 1 c
° o

/7_“’_’/]
o
P o ii D i o0 iie il 0 o ]
= ____.,//o
T o
< -
]
o o oo o ' oo <
< ] / B
— \\ /o
L]
(S . : b . H . ; . e S
o g I F I ) P
o]
— |
o e N PR L R LN a

FI1G
129
5
N



U.S. Patent Nov. 3, 2015 Sheet 134 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 135 of 161 US 9,175,828 B2

FI1G. 132

AN — 62




Sheet 136 of 161 US 9,175,828 B2

U.S. Patent Nov. 3, 2015
FiG. 133
3 30 330 :
ez |\ |
i f i
l\|/ : { l‘}\ \fj;l [\;J.r:l | 2 P/ i\}\ ‘;f>' }:’\/I ) vl /_A\'
= = { 1 s
) j / ]
24 31 y) 31 (, Zb 31 2 31 T%O



U.S. Patent

Nov. 3, 2015

Sheet 137 of 161

US 9,175,828 B2

-—80b




U.S. Patent Nov. 3, 2015 Sheet 138 of 161 US 9,175,828 B2

FI1G. 135

80&\

82\>—<-K

= 16
[ % 80D
e = 17
: &
% 62 31
. \i b o
1 Y -—
8147 3JXE\_§1
8"\" ~5 1
g -
B
g 62 @é;w&]
20
ik«g 61
AN /| ¥
il 6 51
. |




U.S. Patent Nov. 3, 2015 Sheet 139 of 161 US 9,175,828 B2

F1G. 136

4} 6_\/_“ P 7
A—"TY 71
g / 42\\“5%/63 74
]
/’ @‘\ \E 23
135~ —43
4/5’&.:\\‘2
10— 7




U.S. Patent Nov. 3, 2015 Sheet 140 of 161 US 9,175,828 B2

FI1G. 137
4
4
51 /5 63 5 51

6 47 /55 ,

\ . )

;!’ 1 /'/\‘ . / “i/dilw,:i?h ‘I’ 1 = Il
£ ] : v ;

6/1 } Al 23\ ) \l

43b / 73 61 1 72 A7)
43a



U.S. Patent Nov. 3, 2015 Sheet 141 of 161 US 9,175,828 B2

F1G. 138
\
81 o4
54 81&(82a<
6 o [ 4 Ay
o T e S
! g
| OO
V a4
’ ) \_-82b’
7 74
82
81b| 82¢
82¢c



US 9,175,828 B2

Sheet 142 of 161

Nov. 3, 2015

U.S. Patent

OHQH-H@W

AN .5%;:1:

0 O Om

m@ mm

S

@u@u@m

/_.,

RN

S_N

£

@_oﬁ

6eEL "Dl 4



US 9,175,828 B2

Sheet 143 of 161

Nov. 3, 2015

U.S. Patent

140

F1G.




U.S. Patent Nov. 3, 2015 Sheet 144 of 161 US 9,175,828 B2

FI1G. T41A

FI1G. 1418B




U.S. Patent Nov. 3, 2015 Sheet 145 of 161 US 9,175,828 B2

F1G. 142




U.S. Patent Nov. 3, 2015 Sheet 146 of 161 US 9,175,828 B2

FIG. 143
21
/
O 00
g
o0 ” 2z
og —— / ‘...
O Qo ee 25
o ~=E 26
DBD“H




U.S. Patent Nov. 3, 2015 Sheet 147 of 161 US 9,175,828 B2

FIG. 144




US 9,175,828 B2

Sheet 148 of 161

Nov. 3, 2015

U.S. Patent

& \ ,
N A A i 6
— L |1 ,< L
/. \
oy | T N N\ L7 Egm
Ly 1= nooT
5) H@M_H b0 20 —~t .
- y oL m/m Eém
| rﬁL T By { -
¢ A |

0¢ | 9.

Gv 1L Ol 4



U.S. Patent Nov. 3, 2015 Sheet 149 of 161 US 9,175,828 B2

T
<t
|\
\\ 1
~i <
od 1
q—\\ <t
(e
co“‘\{ﬂ
od
Rm/——m
\——___//—“’
o T
s [ —
< =
L < — S
o s
L
e L]
CY)‘\-a— od
’:_/-—m
/1
m""" ._,,_-—————O
/ ~ o
< /RCD
< B (ap]
o T
1 3""\0)
B o
<
on
€©O o o
e o

FIG.
7a



U.S. Patent

147

FIG.

Nov. 3, 2015

REAR

Sheet 150 of 161
Jf r.-‘“
3
'@‘/ M
o)
C) 4
™ 0
m\ { —
cO
oy~
P ( o
A-=-" ¢
/"‘""“‘"‘_‘—“——_.
L]
O ™ o
o L__ﬁ_‘o Nk
[t
w0 L
(o) A
:xco
ISP
w  L—1H o
o N P
g
O
I\-__/'m N a9
o
C\l/)
T 2
'tl- ,(’; .‘d_
f,/ i
— Q§
<t
A

US 9,175,828 B2

FRONT



U.S. Patent Nov. 3, 2015 Sheet 151 of 161 US 9,175,828 B2

FI1G. 148




U.S. Patent Nov. 3, 2015 Sheet 152 of 161 US 9,175,828 B2

FI1G. 149
55 50 X1
54 52 56
/ 51
¢ AN
\\dé1 /) | é;* 562
53
3, L
/ 1 N | ff:f 56a
) TFw 52 -
55 X1



U.S. Patent Nov. 3, 2015 Sheet 153 of 161 US 9,175,828 B2

FIG. 150




U.S. Patent Nov. 3, 2015 Sheet 154 of 161 US 9,175,828 B2

FI1G. 151




U.S. Patent Nov. 3, 2015 Sheet 155 of 161 US 9,175,828 B2

5
/ 56a

SGM | Eﬂ/\aa




U.S. Patent Nov. 3, 2015 Sheet 156 of 161 US 9,175,828 B2




U.S. Patent Nov. 3, 2015 Sheet 157 of 161 US 9,175,828 B2
<
o \\ =
> R i o
N ]
- N
O | o
Lo TP HT o
g iy
L
o T
o od
! N
o~
o |
oD T T“"““-—-—o
fav s [
Lt — O
[ [ ot
) A ..
W e ol
"
N
p— //'T
o 1] _©
LQ ©
f o
- (e 9]
L() Yy TT——— (G
ot hI .. s T—o
-2 -
g
= o 9 o0
10 O M~
— o
. ‘9\ «
o —
N —~



U.S. Patent Nov. 3, 2015 Sheet 158 of 161 US 9,175,828 B2

_—
<
\\
\\ ™1
o™~ ¥ o
o= W~
< [
S o |
e
C.D/
o
. (&N
Lo /——"’
o H—— T
o j ~ —
=< =
Lj < — O
[ [ 2
- 8 Li.
TR ol
)" oy
N
/1
A |1
o | o)
/ .L M~ o
i o
1 [ap]
o | | . «
LI L 1 s
o o 3 o o
1
O_/W"[r;“
P
— o £
Hol f PV gl .
(]
U 4 p]
— <_\ L4V
L



U.S. Patent Nov. 3, 2015 Sheet 159 of 161 US 9,175,828 B2

h8a

51

REAR
FRONT

o]
o

. Tl
) P~
L M



U.S. Patent Nov. 3, 2015 Sheet 160 of 161 US 9,175,828 B2

<
\\\ -
o~ % o
< ™\ JdH~
a3 )
[e.o]
LO“‘\-»«E (1] <
O [e0]
oo _\-
o0
Vo TR
i w
v—-/ ] ;f("’J
T}
1"-_.‘__’/—"
o G
s M -
<T =
L — O
o < o
m\\% N L.
>
< - o
co =N
lD\-..w ™ %
o L T MEF <
>'s} hi ~ o
S B /KO
oD
3 = lap}
— | <
o o M e O
— \ o o
—
Lo m/jv
<t
o
o O
(]
o
. .
'S I~
- ~
L



U.S. Patent Nov. 3, 2015 Sheet 161 of 161 US 9,175,828 B2

FI1G. 158




US 9,175,828 B2

1
REFLECTION SHEET LIGHT SOURCE
DEVICE AND DISPLAY DEVICE

This application is a divisional of U.S. application Ser. No.
13/321,781, filed Nov. 21, 2011, which is the national phase
under 35 U.S.C. §371 of PCT International Application No.
PCT/IP2010/056808 filed Apr. 16, 2010, which claims the
benefit under 35 U.S.C. §119(a) to Japanese Patent Applica-
tion Nos. 2009-124143 filed May 22, 2009; 2009-146611
filed Jun. 19, 2009; 2009-146613 filed Jun. 19, 2009; 2009-
146615 filed Jun. 19, 2009; 2009-155774 filed Jun. 30, 2009;
2009-158162 filed Jul. 2, 2009; 2009-158168 filed Jul. 2,
2009; 2009-159136 filed Jul. 3, 2009; 2009-159137 filed Jul.
3, 2009; 2009-159195 filed Jul. 3, 2009; 2009-160123 filed
Jul. 6, 2009; 2009-160125 filed Jul. 6, 2009; and 2009-
271877 filed Nov. 30, 2009, all of which were filed in Japan.
The entire contents of all of the above applications are hereby
incorporated by reference.

BACKGROUND

1. Technical Field

The present invention relates to a display device, such as a
liquid crystal television, a light source device that is utilized
as a light source for the display device, and a reflection sheet
that reflects light applied by the light source of the light source
device.

2. Description of Related Art

A liquid crystal display device referred to as a thin type
such as a liquid crystal television includes a display unit
which has, on a right side, a display surface for displaying an
image and takes a shape of an almost rectangular parallelepi-
ped, and a light source device disposed on a back side of the
display unit for applying light on the display unit, and a
diffusion plate and an optical sheet such as a prism sheet are
provided between the light source device and the display unit.

The display unit has a liquid crystal display panel taking a
shape of an almost rectangular parallelepiped. The liquid
crystal display panel itself does not emit light. For this reason,
an illuminating light source for displaying a video image on
the display surface is required, and a backlight device is used
as the illuminating light source.

As the backlight device, there are generally employed an
edge light system in which a light guide is provided on a back
side of a display unit and an illuminating light source is
disposed on an edge side of the light guide, and a falling
system in which a diffusion plate is provided on the back side
of'the display unit and an illuminating light source is disposed
on a back side of the diffusion plate.

Referring to the edge light system of the backlight device,
a cold cathode fluorescent lamp (CCFL) is provided on the
edge side of the light guide and light incident from the edge of
the light guide is emitted from one surface of the light guide
while guiding light in the light guide. Therefore, a luminance
characteristic can be enhanced in a display device including a
display surface having a comparatively small area. Referring
to a display device including a display surface having a com-
paratively large area, however, itis hard to uniformly enhance
the luminance characteristic. For this reason, in a display
device such as a television which is increasingly large-sized,
the backlight device of the falling system is used.

For the backlight device of the falling system, there are
generally employed, as illuminating light sources, a CCFL
type in which a plurality of cold cathode fluorescent lamps
(CCFLs)having electrodes on both ends and taking a shape of
a straight pipe or an almost U shape are juxtaposed on a back
side of the diffusion plate (for example, see Japanese Patent
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Application Laid-Open No. 2008-116832) and an LED type
in which a plurality of light-emitting diodes (LEDs) are jux-
taposed on a back side of the diffusion plate (for example, see
Japanese Patent Application Laid-Open No. 2008-147147
and Japanese Patent Application Laid-Open No. 2006-
114863).

The backlight device of the CCFL type includes a plurality
of cold cathode fluorescent lamps juxtaposed vertically apart
from each other in a direction along a surface of a diffusion
plate, a support case for accommodating and supporting the
cold cathode fluorescent lamps, an inverter circuit board for
emitting light from the cold cathode fluorescent lamps, and a
cover for covering the inverter circuit board.

However, the backlight device of the CCFL type requires
high voltage components such as, for example, the inverter
circuit board for discharging the cold cathode fluorescent
lamp, the electrodes on the both ends of the cold cathode
fluorescent lamp and the like, and it is necessary to maintain
a comparatively long insulating distance around the high
voltage components. Therefore, the high voltage components
hinder a longitudinal thickness from being reduced. For this
reason, there is a tendency that a backlight device of an LED
type which has no high voltage component, does not need to
maintain a comparatively long insulating distance and is more
advantageous to reduce a longitudinal thickness than the
backlight device of the CCFL type is employed for a recent
display device.

Moreover, the cold cathode fluorescent lamp is formed in a
length provided over both ends in a transverse direction of the
diffusion plate. For this reason, it is impossible to control a
lighting operation of the cold cathode fluorescent lamp in a
fine area. Furthermore, a high-speed flashing control for sup-
pressing an animation blur or the like is more disadvanta-
geous as compared with the LED type. In addition, power
consumption is increased because the cold cathode fluores-
cent lamps are turned ON at a high voltage. Consequently, a
heat value is also increased when the cold cathode fluorescent
lamps are ON. Therefore, it is advantageous to employ the
backlight device of the LED type which can easily carry out
a control in a fine area and a high-speed flashing control, and
furthermore, can lessen a power consumption and a heat value
more greatly than the backlight device of the CCFL type.

The backlight device of the LED type includes a plurality
of light-emitting diode substrates having one surface on
which a plurality of light-emitting diodes are mounted, a
support case for accommodating and supporting the light-
emitting diode substrates, and a power board for emitting
light from the light-emitting diodes.

The applicant of the present invention developed a back-
light device of an LED type including a plurality of light-
emitting diode substrates, each of which has a plurality of
light-emitting diodes mounted on one surface and takes a
shape of a strip connected in a line, a support case for accom-
modating and supporting the light-emitting diode substrates
in a plurality of lines apart from each other in a vertical
direction, a shaft member such as a rivet for fixing both ends
of'the light-emitting diode substrate, a connector for connect-
ing the light-emitting diode substrates which are adjacent to
each other, a plurality of lenses attached to one surface of the
light-emitting diode substrate opposite to the light-emitting
diode for diffusing light emitted from the light-emitting
diode, a reflection sheet mounted on one of the surfaces of the
light-emitting diode substrate for reflecting the light diffused
by the lens, and a support pin for suppressing a flexure of the
diffusion plate.

The backlight device of the LED type is assembled in
accordance with the following steps (1) to (5).
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(1) The support case is put flatly on a working table with an
open side turned upward, and the light-emitting diode sub-
strates which are adjacent to each other in a transverse direc-
tion are juxtaposed in a plurality of lines in the support case.

(2) The light-emitting diode substrates which are adjacent
to each other are connected to each other through the connec-
tor, and a power connecting connector is connected to the end
of the light-emitting diode substrate on an end side.

(3) Both ends of the light-emitting diode substrates which
are juxtaposed are fixed to the support case by means of the
shaft member such as a rivet.

(4) The reflection sheet is mounted on one of the surfaces of
the light-emitting diode substrate.

(5) The support pins are attached to the support case from
the reflection sheet side.

The support case is formed by a metal plate and has a flat
plate-shaped plate portion taking a square shape, a frame
portion linked to a peripheral edge of the plate portion and
having one of sides opened, and four collar pieces linked to an
outer edge of the frame portion. The plate portion is provided
with a first mounting hole in an opposite position to the both
ends of the light-emitting diode substrates which are juxta-
posed, and a second mounting hole in a position in which the
support pin is to be disposed.

The light-emitting diode substrate takes a shape ofa strip in
which a circuit portion is provided on one surface, the light-
emitting diode and a lens are mounted on the surface and a
connecting portion is provided on one surface of both ends,
and a through hole corresponding to the first mounting hole is
provided on the both ends.

The light-emitting diode is formed in such a manner that an
emitted light concentrates within a predetermined angle
based on an optical axis from a front of the light-emitting
diode.

The lens is opposed to a top of the light-emitting diode
apart from each other, and takes a shape of a thick disk having
a hemispherical recess portion for diffusing light applied
from the light-emitting diode in all directions.

In Japanese Patent Application Laid-Open No. 2008-
147147, it is configured that slits formed in a U-letter shape
are provided at a portion opposing to a connector of a reflec-
tion sheet, along three sides of the connector formed in a
substantially rectangular solid shape and a tongue arranged
between the slits covers the connector, to reduce the loss of
light. In addition, the tongue includes an oblique portion
where a portion continuing to a non-slit portion is folded, and
includes a flat portion that continues to a tip end of the oblique
portion and opposes in parallel to a surface of the connector.

SUMMARY

However, in the previously developed backlight device of
the LED type, the reflection sheet is formed in a square shape
and merely put on one surface of aboard for the light-emitting
diode. Therefore, it is desired to further uniform the lumi-
nance of light emitted by the light-emitting diode. Further-
more, the luminance is reduced at the connector portion,
because the connector connecting the boards for the light-
emitting diode to each other is exposed through the second
hole and the light emitted by the light-emitting diode is
reflected by the connector. Therefore, it is desired to improve
such a problem.

Moreover, the light source device of the LED type forming
the tongue by the slit that is formed in a U-letter shape along
the three sides of the connector as shown in Japanese Patent
Application Laid-Open No. 2008-147147 includes the
oblique portion at the non-slit side of the tongue. Therefore,
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4

the reflection characteristic is deteriorated in the direction
orthogonal to the sheet surface of the reflection sheet, to cause
a problem that the luminance is hardly uniformed. In addi-
tion, another problem about increased costs may be caused,
because another manufacturing process is required for form-
ing the oblique portion separately from the slit.

The present invention is made in consideration of the cir-
cumstances, and a main object of the present invention is to
provide a reflection sheet, light source device and display
device for not only uniforming the luminance of light emitted
from a light source but also utilizing a single sheet material to
form the reflection sheet having a frame portion that contin-
ues to all rims of a flat portion.

In addition, another object is to provide a reflection sheet,
light source device and display device for not only biasing a
portion opposing to a connector in a thickness direction but
also inhibiting the deterioration of reflection characteristic in
a direction orthogonal to the sheet surface and uniforming the
luminance, by merely arranging a slit.

A reflection sheet according to the present invention
reflects light emitted from a light source, and comprises a flat
portion and a frame portion that continues in a foldable man-
ner with a first fold formed on a rim of the flat portion.

In the present invention, it is possible to obtain the reflec-
tion sheet formed in a case shape, by folding the frame por-
tion, made of a single sheet material having the flat portion
and frame portion, at the first fold with respect to the flat
portion. Hence, it is possible to easily uniform the luminance
of light emitted from the light source for the reflection sheet.

It is preferable that the reflection sheet according to the
present invention should have the flat portion which is formed
in a substantially square shape, and have a defect portion
between a corner of the flat portion and a rim of the frame
portion.

In the present invention, it is possible to obtain the reflec-
tion sheet formed in a case shape, without causing the wrinkle
on the corner of the frame portion, by folding the frame
portion, made of a single sheet material having the flat portion
and frame portion, at the first fold with respect to the flat
portion. Hence, it is possible to reduce the costs for the reflec-
tion sheet formed in the case shape.

It is preferable that the reflection sheet according to the
present invention should have the frame portion which is
formed in a substantially square shape, and have the defect
portion which is provided in a divergent manner from the
corner of the flat portion to a rim at a corner of the frame
portion.

Inthe present invention, it is possible to the reflection sheet
formed in a case shape, by folding the frame portion at the first
fold in a manner oblique to the flat portion. Hence, it is
possible to easily form the reflection sheet in the case shape,
and reduce the costs for the reflection sheet.

It is preferable that the reflection sheet according to the
present invention should have the frame portion which has a
lapped portion in which respective edges of the defect portion
agree, when the frame portion is folded at the first fold
obliquely with respect to the flat portion.

Inthe present invention, it is possible to lap over the lapped
portion of the frame portion in a thickness direction, by fold-
ing the frame portion at the first fold in a manner oblique to the
flat portion. Hence, it is possible to avoid the entrance of dust
and the like from the corner of the frame portion, without
forcefully binding the defect portion.

It is preferable that the reflection sheet according to the
present invention should have a rim of the frame portion and
the flat portion which are formed in a substantially square
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shape, and have a second fold between a corner of the flat
portion and a rim at a corner of the frame portion.

In the present invention, it is possible to obtain the frame
portion having no gap at the corner and to avoid the entrance
of external dust from the corner of the frame portion by
folding the frame portion at the first fold, as the frame portion
is made of a single sheet material having the flat portion and
frame portion. Furthermore, it is possible to obtain the reflec-
tion sheet formed in the case shape without causing the
wrinkle at the corner of the frame portion, because the corner
of the frame portion is folded with the second fold. Hence, it
is possible to reduce the costs for the reflection sheet formed
in the case shape.

It is preferable that the reflection sheet according to the
present invention should have the second fold which is pro-
vided in a divergent manner from the corner of the flat portion
to the rim at the corner of the frame portion.

In the present invention, it is possible to obtain the frame
portion having no step in a sheet thickness direction at the
inside of the corner, by folding the frame portion at the second
fold, as the frame portion is made of a single sheet material
having the flat portion and frame portion. Hence, it is possible
to improve the luminance characteristic at the corner of the
frame portion, and to avoid the shade on the corner of the
frame portion.

It is preferable that the reflection sheet according to the
present invention should have a rim portion at the corner of
the frame portion which has a defect portion between the
second folds.

In the present invention, it is possible to prevent the corner
of the frame portion from outwardly projecting further than
the rim of the frame portion, when the frame portion made of
a single sheet material having the flat portion and frame
portion is folded at the second fold.

It is preferable that the reflection sheet according to the
present invention should have the corner of the frame portion
which has a binding member bound to a folded portion that is
folded at the second fold.

In the present invention, it is possible to keep the shape of
the frame portion, by binding the binding member, such as an
adhesive tape, onto the folded portion that is folded at the
second fold. Hence, it is possible to easily obtain the reflec-
tion sheet formed in the case shape.

It is preferable that the reflection sheet according to the
present invention should have the frame portion which has a
slit formed in a direction from the corner of the flat portion
along at least opposing two sides of the flat portion.

In the present invention, the slit is provided at the corner
side of the frame portion, and it is possible to independently
fold each of the four frame portion continuing to the sides of
the flat portion, and regardless of this fold, to fold the corner
of'the frame portion at the second fold. Hence, it is possible to
reduce the restitution force caused by the folded frame por-
tion, and to easily maintain the corner’s shape of the frame
portion.

It is preferable that the reflection sheet according to the
present invention should have four collar portions which con-
tinue in a foldable manner at a third fold formed at a rim of a
substantially square shape in the frame portion, and have two
both ends in alength direction of two opposing collar portions
which project in the length direction further than the defect
portion.

In the present invention, it is possible to avoid the gap
between both ends of four collar portions, by making both
ends of remaining two collar portions oppose and contact to
two ends of two collar portions projecting in the length direc-
tion further than the defect portion when the frame portion
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made of a single sheet material having the flat portion and
frame portion is folded at the first fold to form the case shape.
Hence, it is possible to prevent the external dust from entering
at the corner of the frame portion, furthermore.

In addition, a light source device according to the present
invention comprises a light source, a support case that sup-
portingly houses the light source, and the reflection sheet
according to the invention described above which reflects
light applied from the light source.

In the present invention, it is possible to obtain the reflec-
tion sheet formed in the case shape, by folding the frame
portion at the first fold with respect to the flat portion, as the
frame portion is made of a single sheet material having the flat
portion and frame portion. Hence, it is possible to easily
uniform the luminance of light emitted from the light source.
Furthermore, it is possible to easily avoid the shade at the
corner of the frame portion and avoid the entrance of dust
coming from the corner of the frame portion.

It is preferable that the light source device according to the
present invention should have the light source which is a
light-emitting diode, and further comprise a plurality of cir-
cuit boards on which the one and another of the light-emitting
diode are mounted and arranged.

In the present invention, it is possible to lap the case shape
reflection sheet onto the arranged circuit boards, by providing
athrough hole at a portion of the reflection sheet correspond-
ing to the light-emitting diode. Hence, it is possible not only
to improve the workability for attaching the reflection sheet,
but also to easily uniform the luminance of light emitted from
the light source.

Inaddition, a display device according to the present inven-
tion comprises a display unit that has a display surface at one
side thereof, and the light source device according to the
present invention described above which is provided at the
other side of the display unit.

In the present invention, it is possible to obtain the reflec-
tion sheet formed in the case shape, by folding the frame
portion at the first fold with respect to the flat portion, as the
frame portion is made of a single sheet material having the flat
portion and frame portion. Hence, it is possible to easily
uniform the luminance of light emitted from the light source
of the reflection sheet.

A reflection sheet according to the present invention
reflects light emitted from a light source, and comprises two
slits that are arranged with separated from each other.

In the present invention, two biased starting portions are
provided between two slits, and the portion biased to a direc-
tion orthogonal to the sheet surface can be biased in parallel to
the sheet surface by treating the two biased starting portions
as the starting portion. Hence, it is possible to reduce the
oblique angle based on the biased portion without forming the
biased portion, to improve the light reflection characteristic in
the direction orthogonal to the sheet surface, and to keep the
proper luminance characteristic.

It is preferable that the reflection sheet according to the
present invention should have the two slits which are formed
in a substantially U-letter shape and are opposed to each other
in such a manner that two ends thereof are close to each other.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits. Hence, it is
possible to make the biased portion become easily biased in
parallel to the sheet surface, to further improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have the two slits which are formed



US 9,175,828 B2

7

in a substantially U-letter shape and are opposed to each other
in such a manner that two ends thereof are close to each other,
and a center portion of the slit is a long side and two end
portions of the slit are short sides.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits, and to form
the biased portion in the substantially square shape. Hence, it
is possible to make the biased portion become biased in
parallel to the sheet surface, to further improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have the two slits which are formed
in a substantially U-letter shape, and have one slit of the two
slits which is biased to a direction intersecting to an opposing
direction of the slits.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits. Hence, it is
possible to make the biased portion become easily biased in
parallel to the sheet surface, to further improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have two end portions of the two slits
which oppose to a direction intersecting to the opposing
direction.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits, and to form
the biased portion in the substantially square shape. Hence, it
is possible to make the biased portion become biased in
parallel to the sheet surface, to further improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have one or more pairs of other two
slits which are arranged with separated from each other in a
direction intersecting the opposing direction of the slits.

In the present invention, a plurality of two slits is arranged
and opposing direction among the adjacent slits is respec-
tively different. Hence, it is possible to reduce the biased
amount for the outside of the biased portion on the reflection
sheet and to keep the proper luminance, even when the sepa-
rating distance in the arranging direction is short.

It is preferable that the reflection sheet according to the
present invention should have two second slits which are
arranged between the two slits, with separated from each
other.

In the present invention, two slits lead two biased starting
portions and two second slits lead two biased starting por-
tions, and thus it is possible to bias stepwisely at respective
biased starting portions. Hence, it is possible to further reduce
the oblique angle based on the biased portion, to further
improve the light reflection characteristic orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have the second slits which are
formed in a substantially U-letter shape, and a short side of
two ends of the second slits which opposes to a long side on
each of the slits.

In the present invention, it is possible to relatively shorten
the biased starting portion between two slits and the biased
starting portion between two second slits respectively, and to
stepwisely form the biased portion in the substantially square
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shape. Hence, it is possible to make the biased portion
become biased in parallel to the sheet surface, to further
improve the light reflection characteristic orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have two third slits which are
arranged between the two second slits, with separated from
each other.

In the present invention, it is possible to stepwisely bias at
each of the biased starting portion led by the two slits, biased
starting portion led by the two second slits and biased starting
portion led by the two third slits. Hence, it is possible to
further reduce the oblique angle based on the biased portion,
to further improve the light reflection characteristic orthogo-
nal to the sheet surface, and to keep the proper luminance
characteristic.

It is preferable that the reflection sheet according to the
present invention should have the third slits which are formed
in a substantially U-letter shape, and a short side of two ends
of the third slits which opposes to a long side on each of the
second slits.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits, biased start-
ing portion between the two second slits and biased starting
portion between the two third slits respectively, and to step-
wisely form the biased portion in the substantially square
shape. Hence, it is possible to make the biased portion
become biased in parallel to the sheet surface, to further
improve the light reflection characteristic orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the reflection sheet according to the
present invention should have the two slits which are formed
in a substantially L-letter shape, and sides of each slit which
oppose to each other to form a substantially square shape.

In the present invention, it is possible to relatively shorten
the biased starting portion between the two slits, and to form
the biased portion in the substantially square shape. Hence, it
is possible to make the biased portion become biased in
parallel to the surface sheet, to further improve the light
reflection characteristic orthogonal to the sheet surface, and
to keep the proper luminance characteristic.

It is preferable that the reflection sheet according to the
present invention should have two fourth slits which are
formed in a substantially L-letter shape and are arranged
between the two slits, with the respective sides being opposed
so as to form a substantially square shape, and with the
respective corner portions being opposed to non-slit portions
between the respective two ends of the slits.

In the present invention, two slits lead a biased starting
portion, two fourth slits lead a biased starting portion, and it is
possible to stepwisely bias at each biased starting portion.
Hence, it is possible to further reduce the oblique angle based
on the biased portion, to further improve the light reflection
characteristic orthogonal to the sheet surface, and to keep the
proper luminance characteristic.

In addition, a reflection sheet according to the present
invention reflects light emitted from a light source, and com-
prises a slit having a spiral shape that is arranged.

In the present invention, it is possible to gradually bias the
portion between the both ends of the slit, as a whole. Hence,
it is possible to further reduce the oblique angle based on the
biased portion, to further improve the light reflection charac-
teristic orthogonal to the sheet surface, and to keep the proper
luminance characteristic.
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In addition, a reflection sheet according to the present
invention reflects light emitted from a light source, and com-
prises a slit having a substantially square spiral shape that is
arranged.

In the present invention, it is possible to gradually bias the
portion between the both ends of the slit with keeping the
substantially square shape, as a whole. Hence, it is possible to
further reduce the oblique angle based on the biased portion,
to further improve the light reflection characteristic orthogo-
nal to the sheet surface, and to keep the proper luminance
characteristic. In addition, when plural slits formed in the
spiral shape are arranged with separated from each other, it is
possible to keep the separating distance of slits and increase
the number of arranged slits.

In addition, a light source device according to the present
invention comprises a light-emitting diode, a plurality of
circuit boards, which are arranged and each of which has a
connecting portion at one surface on which the light-emitting
diode is mounted, a connector that is connected to the con-
necting portions of adjacent circuit boards, and the reflection
sheet according to the invention described above which
opposes to the one surface and the connector and reflects light
emitted by the light-emitting diode.

In the present invention, two biased starting portions are
provided between two slits opposing with separated from
each other in a direction along the sheet surface, and plural
biased starting portions are dispersed. Hence, it is possible to
reduce the oblique angle based on the bias of a portion oppos-
ing to the connector, without forming a portion opposing to
the connector. In addition, it is possible to improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

It is preferable that the light source device according to the
present invention should have the circuit boards which are
arranged in a plurality of lines, and have the reflection sheet
which includes the slit on a portion opposing to the connector
provided at each of the plurality of lines.

In the present invention, even if the number of arranged
connectors is relatively large, it is possible to reduce the
oblique angle based on the bias of the portion opposing to
each connector, to improve the light reflection characteristic
in the direction orthogonal to the sheet surface, and to keep
the proper luminance characteristic.

In addition, a display device according to the present inven-
tion comprises a display unit that has a display surface at one
side thereof, and the light source device according to the
invention described above which is provided at the other side
of the display unit.

In the present invention, two biased starting portions are
provided between the two slits opposing with separated from
each other in the direction along the sheet surface, and plural
biased starting portions are dispersed. Hence, it is possible to
reduce the oblique angle based on the bias of a portion oppos-
ing to the connector, without forming a portion opposing to
the connector. In addition, it is possible to improve the light
reflection characteristic in the direction orthogonal to the
sheet surface, and to keep the proper luminance characteris-
tic.

According to the present invention, it is possible to obtain
the reflection sheet formed in the case shape by folding the
frame portion at the first fold with respect to the flat portion,
as the frame portion is made of a single sheet material having
the flat portion and frame portion. Hence, it is possible to
easily uniform the luminance of light emitted from the light
source.
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According to the present invention, two biased starting
portions are provided among two slits opposing with sepa-
rated from each other in the direction along the sheet surface,
and plural biased starting portions are dispersed. Hence, it is
possible to reduce the oblique angle based on the biased
portion, without forming the biased portion. In addition, it is
possible to improve the light reflection characteristic in the
direction orthogonal to the sheet surface, and to keep the
proper luminance characteristic.

The above and further objects and features will more fully
be apparent from the following detailed description with
accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic exploded perspective view of a con-
figuration of a display device according to the present inven-
tion.

FIG. 2 is an exploded perspective view showing a configu-
ration of the display device according to the present invention
in condition where its cabinet is omitted.

FIG. 3 is a partial vertical cross-sectional view of the con-
figuration of the display device according to the present
invention.

FIG. 4 is a schematic perspective view showing a configu-
ration of a light source device according to the present inven-
tion.

FIG. 5 is a front view showing the configuration ofthe light
source device according to the present invention.

FIG. 6 is a partial vertical cross-sectional plan view show-
ing the configuration of the light source device according to
the present invention.

FIG. 7 is a schematic front view showing a configuration of
a substrate support body.

FIG. 8 is a schematic back view showing the configuration
of the light source device.

FIG. 9 is a perspective view showing a configuration of a
light-emitting diode substrate.

FIG. 10 is a schematic front view showing a layout of a
light-emitting diode substrate.

FIG. 11 is an enlarged front view showing a configuration
of'a lens and a shaft body portion.

FIG. 12 is a graph showing a light emission amount as a
function of a light emission angle of light emitted from the
light-emitting diode.

FIG. 13A is an exploded cross-sectional view showing a
configuration of a shaft body.

FIG. 13B is an exploded perspective view showing the
configuration of the shaft body.

FIGS. 14A and 14B are exploded cross-sectional views
showing the configuration of the shaft body portion.

FIG. 15 is an enlarged cross-sectional view taken along line
XV-XV of FIG. 13A.

FIG. 16 is a front view showing a configuration of a reflec-
tion sheet.

FIG. 17 is a development view showing a configuration of
a corner portion of the reflection sheet.

FIG. 18 is a cross-sectional view showing a configuration
of'a support pin.

FIG. 19 is a cross-sectional view showing a configuration
of a lead wire holding jig.

FIG. 20 is a cross-sectional view showing the lead wire
holding jig in condition where its lid is opened.

FIG. 21 is a perspective view showing a configuration of a
lead hole portion in a substrate support body.
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FIG. 22 is a partially enlarged view showing the lead wire
holding jig in condition where its lid is removed.

FIG. 23 is a development view showing another configu-
ration of the corner of the reflection sheet.

FIG. 24 is a front view showing another configuration of
the portion that faces the connector of the reflection sheet.

FIG. 25 is a front view showing another configuration of
the light source device.

FIG. 26 is a schematic front view showing another con-
figuration of the substrate support body.

FIG. 27 is a schematic front view showing another con-
figuration of the reflection sheet.

FIG. 28 is a cross-sectional view showing another relation-
ship between the reflection sheet and the shaft body.

FIG. 29 is a perspective view showing a configuration of a
light source device according to an embodiment 1.

FIG. 30 is a plan view showing the configuration of the
light source device according to the embodiment 1.

FIG. 31 is a plan view showing a configuration of the light
source device according to the embodiment 1 in which a
reflection sheet of the light source device is omitted.

FIG. 32 is a partially enlarged cross-sectional view show-
ing the configuration of the light source device according to
the embodiment 1.

FIG. 33 is a plan view showing a configuration of the
reflection sheet included in the light source device according
to the embodiment 1.

FIG. 34 is an enlarged front view showing a configuration
of main portions in condition where the reflection sheet is
spread out.

FIG. 35 is an enlarged front view showing a configuration
of the main components of the reflection sheet.

FIG. 36 is an enlarged lateral plan view showing a configu-
ration of a reflection sheet portion.

FIG. 37 is a cross-sectional view showing a configuration
of'a display device including a light source device according
to the embodiment 1.

FIG. 38 is an exploded front view showing another con-
figuration of main components of a reflection sheet included
in a light source device according to the embodiment 1.

FIG. 39 is an exploded front view showing another con-
figuration of the main components of the reflection sheet
included in the light source device according to the embodi-
ment 1.

FIG. 40 is an enlarged front view showing a further con-
figuration of the main components of the reflection sheet.

FIG. 41A is an exploded front view showing another con-
figuration of the main components of the reflection sheet.

FIG. 41B shows a further configuration of the main com-
ponents of the reflection sheet and is a front view of it in
condition where it is shaped like a case.

FIG. 42 is a plan view showing other configurations of the
reflection sheet.

FIG. 43 is a plan view showing other configurations of the
reflection sheet.

FIG. 44 is a partially enlarged schematic cross-sectional
view illustrating a structure of a light source device in accor-
dance with an embodiment 2.

FIG. 45 is a plan view that illustrates the light source device
of the embodiment 2 one portion of which is omitted.

FIG. 46 is a schematic perspective view that illustrates the
light source device of the embodiment 2 one portion of which
is disassembled.

FIG. 47 is a plan view that illustrates the structure of the
light source device of the embodiment 2 from which a reflec-
tion sheet is omitted.
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FIG. 48 is a perspective view that illustrates a structure of
a light-emitting diode substrate on which lenses are attached
of the light source device of the embodiment 2.

FIG. 49 is a perspective view that illustrates a structure of
a connector of the light source device of the embodiment 2.

FIG. 50 is an enlarged plan view that illustrates a portion of
the reflection sheet that is opposed to the connector of the
light source device of the embodiment 2.

FIG. 51 is an enlarged perspective view that shows a state
in which the portion of the reflection sheet facing the connec-
tor is biased in a thickness direction in the light source device
of the embodiment 2.

FIG. 52 is a cross-sectional view that illustrates a structure
of a display device in which the light source device of the
embodiment 2 is installed.

FIG. 53 is an enlarged plan view that illustrates another
structure of a slit portion of the reflection sheet installed in the
light source device of the embodiment 2.

FIG. 54 is a plan view that illustrates still another structure
of a slit portion of the reflection sheet installed in the light
source device of the embodiment 2.

FIG. 55 is a plan view that illustrates still another structure
of a slit portion of the reflection sheet installed in the light
source device of the embodiment 2.

FIG. 56 is a plan view that illustrates still another structure
of a slit portion of the reflection sheet installed in the light
source device of the embodiment 2.

FIG. 57 is a plan view that illustrates still another structure
of a slit portion of the reflection sheet installed in the light
source device relating to the present invention of the embodi-
ment 2.

FIG. 58 is a perspective view that illustrates another struc-
ture of the reflection sheet installed in the light source device
of the embodiment 2.

FIG. 59 is a perspective view that illustrates still another
structure of the reflection sheet installed in the light source
device of the embodiment 2.

FIG. 60 is a perspective view that illustrates still another
structure of the reflection sheet installed in the light source
device of the embodiment 2.

FIG. 61 is a longitudinal cross-sectional view that sche-
matically illustrates a display device in accordance with an
embodiment 3.

FIG. 62 is a front view that schematically illustrates light-
emitting diodes and a light-emitting diode substrate on which
the reflection sheet of the embodiment 3 is formed.

FIG. 63 is a cross-sectional view taken along line I-I of
FIG. 62, which schematically illustrates a rivet of the embodi-
ment 3.

FIG. 64 is a cross-sectional view taken along line II-1I of
FIG. 62, which schematically illustrates a positioning rivet of
the embodiment 3.

FIG. 65 is a cross-sectional view taken along line III-IIT of
FIG. 62, which schematically illustrates a supporting rivet of
the embodiment 3.

FIG. 66A is an enlarged cross-sectional view that illus-
trates another structure of a portion for use in securing the
light-emitting diode substrate on a support plate of the
embodiment 3.

FIG. 66B is an enlarged cross-sectional view that illus-
trates still another structure of a portion foruse in securing the
light-emitting diode substrate on a support plate of the
embodiment 3.

FIG. 67 is a cross-sectional view that illustrates a main
portion of a structure of a light source device of an embodi-
ment 4.
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FIG. 68 is a plan view that illustrates one portion of the
light source device of the embodiment 4.

FIG. 69 is a plan view that illustrates one portion disas-
sembled in the light source device of the embodiment 4.

FIG. 701s a plan view that illustrates partial members of the
light source device of the embodiment 4.

FIG. 71 is an enlarged plan view that illustrates one portion
of the light source device of the embodiment 4.

FIG. 72 is an enlarged plan view that illustrates one portion
of the light source device of the embodiment 4.

FIG. 73 is a perspective view that illustrates a structure of
a light-emitting diode substrate with lenses attached thereto
of the embodiment 4.

FIG. 74 is a perspective view that illustrates a structure of
a light-emitting diode substrate with lenses attached thereto
of the embodiment 4.

FIG. 75 is a cross-sectional view that illustrates one
example of a fixture of the embodiment 4.

FIG. 76 is a cross-sectional view that illustrates a structure
of a display device in which the light source device of the
embodiment 4 is installed.

FIG. 77 is a plan view that illustrates one portion of a light
source device in accordance with another embodiment of the
embodiment 4.

FIG. 78 is a plan view that illustrates one portion disas-
sembled in the light source device in accordance with second
other embodiment of the embodiment 4.

FIG. 79 is a plan view that illustrates partial members of the
light source device in accordance with second other embodi-
ment of the embodiment 4.

FIG. 80 is a schematic longitudinal cross-sectional dia-
gram showing a display device of an embodiment 5.

FIG. 81 is a schematic front diagram showing light-emit-
ting diodes and substrates that are provided with a reflection
sheet of the embodiment 5.

FIG. 82 is a graph showing the amount of emitted light in
relation to the angle of the light emitted from a light-emitting
diode of the embodiment 5.

FIG. 83 is a cross-sectional diagram along line IV-IV in
FIG. 81 where rivets of the embodiment 5 are schematically
shown.

FIG. 84 is a schematic cross-sectional diagram showing
rivets in the modification of the embodiment 5.

FIG. 85 is a schematic cross-sectional diagram showing
screws in a display device of the embodiment 5.

FIG. 86 is a cross-sectional diagram showing an enlarge-
ment of a portion of the structure in the display device of an
embodiment 6.

FIG. 87 is a cross-sectional diagram showing an enlarge-
ment of a portion of the structure of the light source of the
embodiment 6.

FIG. 88 is a front diagram showing the structure of the light
source of the embodiment 6 where the peripheral portion is
omitted.

FIG. 89 is a front diagram showing the structure of the light
source of the embodiment 6 where the peripheral portion and
the light reflection sheet are omitted.

FIG. 90 is a front diagram showing the structure of the light
reflection sheet of the embodiment 6 where the peripheral
portion is omitted.

FIG. 91A is a cross-sectional diagram showing the struc-
ture of a first shaft portion of the embodiment 6 as viewed
from the side.

FIG. 91B is a cross-sectional diagram showing the struc-
ture of the first shaft portion of the embodiment 6 as viewed
from the top.
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FIG. 92A is a cross-sectional diagram showing the struc-
ture of a second shaft portion of the embodiment 6 as viewed
from the side.

FIG. 92B is a cross-sectional diagram showing the struc-
ture of the second shaft portion of the embodiment 6 as
viewed from the top.

FIG. 93 is a cross-sectional diagram showing the structure
of a third shaft portion of the embodiment 6 as viewed from
the top.

FIG. 94 is a cross-sectional diagram showing another
structure of a first shaft portion of the embodiment 6 as
viewed from the side.

FIG. 95 is a cross-sectional diagram showing another
structure of the second shaft portion of the embodiment 6 as
viewed from the side.

FIG. 96 is a plan diagram showing another structure of a
hole for preventing the position from shifting as viewed from
the top.

FIG. 97 is a cross-sectional diagram showing another
structure of the first shaft portion and the second shaft portion
as viewed from the side.

FIG. 98 is a schematic perspective diagram showing
another structure of the light source unit.

FIG. 99 is a front diagram showing another structure of the
portion for preventing the position from shifting of the light
reflection sheet.

FIG. 100 is a cross sectional view showing main parts of a
structure of a light source device of an embodiment 7.

FIG. 101 is a plan view of a part of the light source device
of the embodiment 7.

FIG. 102 is a plan view of the light source device of the
embodiment 7 with its part disassembled.

FIG. 103 is a plan view of a part of the light source device
of the embodiment 7.

FIG. 104 is a partially enlarged plan view of the light
source device of the embodiment 7.

FIG. 105 is an enlarged perspective view of a connector of
the embodiment 7.

FIG. 106 is a plan view schematically showing a structure
of the connector of the embodiment 7.

FIG. 107 is a plan view showing dimensional relationship
of insertion holes of the embodiment 7.

FIG. 108 is a perspective view showing a configuration of
light-emitting diode substrates of the embodiment 7, onto
which lenses are attached.

FIG. 109 is a cross sectional view showing an example of
a fixture of the embodiment 7.

FIG. 110 is a cross sectional view showing a configuration
of a display device including the light source device of the
embodiment 7.

FIG. 111 A is a perspective view showing a configuration of
alight-emitting diode substrate in another embodiment of the
embodiment 7.

FIG.111Bis a perspective view showing a configuration of
alight-emitting diode substrate in yet another embodiment of
the embodiment 7.

FIG. 112 is a cross sectional view showing main parts of a
structure of a light source device of an embodiment 8.

FIG. 113 is a plan view of a part of the light source device
of the embodiment 8.

FIG. 114 is a plan view of the light source device of the
embodiment 8 with its part disassembled.

FIG. 115 is a plan view of a part of the light source device
of the embodiment 8.

FIG. 116 is a partially enlarged plan view of the light
source device of the embodiment 8.



US 9,175,828 B2

15

FIG. 117 is a perspective view showing a configuration of
light-emitting diode substrates of the embodiment 8, onto
which lenses are attached.

FIG. 118 is a cross sectional view showing a structure of
rivets of the embodiment 8.

FIG. 119 is a plan view along a line V-V in FIG. 118.

FIG. 120 is a cross sectional view of a positional relation-
ship of the rivets and the lenses of the embodiment 8.

FIG. 121 is a cross sectional view showing a configuration
of a display device including the light source device of the
embodiment 8.

FIG. 122 is a plan view showing a rear face side of a head
portion of a rivet in another light source device of the embodi-
ment 8.

FIG. 123 is a partially enlarged plan view of another light
source device of the embodiment 8.

FIG. 124 is a plan view showing a rear face side of a head
portion of a rivet in another, second light source device of the
embodiment 8.

FIG. 125 is a vertical cross sectional view showing a partial
configuration of a display device including a light source
device of the embodiment 9.

FIG. 126 is a horizontal cross sectional view showing a
configuration of a connecting portion of circuit boards that
the light source device of the embodiment 9 includes.

FIG. 127A is a front view showing the configuration of the
connecting portion of the circuit boards that the light source
device of the embodiment 9 includes.

FIG. 127B is a front view showing a relationship of the
circuit boards and attachment members that the light source
device of the embodiment 9 includes.

FIG. 128 is a perspective view schematically showing a
state in which the circuit boards included in the light source
device of the embodiment 9 are arranged in parallel.

FIG. 129 is a plan view of an illumination device in accor-
dance with an embodiment 10.

FIG. 130 is a plan view of the backlight chassis in accor-
dance with the embodiment 10.

FIG. 131 is a perspective view showing an outer appear-
ance of the LED substrate in accordance with the embodi-
ment 10.

FIG. 132 is an enlarged cross sectional view showing an
attached portion of the LED substrate in accordance with the
embodiment 10.

FIG. 133 is an enlarged cross sectional view showing an
attached portion of the LED substrate in accordance with the
embodiment 10.

FIG. 134 is a cross sectional view of a liquid crystal display
device in accordance with the embodiment 10.

FIG. 135 is a cross sectional view showing another
embodiment of the liquid crystal display device inaccordance
with the embodiment 10.

FIG. 136 is a cross sectional view showing a partial struc-
ture of the display device provided with the backlight device
in accordance with an embodiment 11.

FIG. 137 is a partially enlarged cross sectional view show-
ing a structure of the backlight device in accordance with the
embodiment 11.

FIG. 138 is a cross sectional view showing a structure of a
rivet of the backlight device in accordance with the embodi-
ment 11.

FIG. 139 is a partly omitted plan view of the backlight
device in accordance with the embodiment 11.

FIG. 140 is a partly exploded schematic perspective view
of the backlight device in accordance with the embodiment
11.
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FIG. 141A is a partly enlarged plan view showing a struc-
ture of a reflection sheet of the backlight device in accordance
with the embodiment 11.

FIG. 141B is a partly enlarged plan view showing a struc-
ture of a reflection sheet of the backlight device in accordance
with the embodiment 11.

FIG. 142 is a vertical cross sectional view schematically
showing the display device in accordance with an embodi-
ment 12.

FIG. 143 is a schematic back elevational view in which the
support plate is seen from a rear side in accordance with an
embodiment 12.

FIG. 144 is a perspective view which schematically shows
a through hole provided in an opening manner in the vicinity
of'an edge of the support plate in accordance with an embodi-
ment 12.

FIG. 145 is a plan view which schematically shows the
protection tube fitted to the through hole.

FIG. 146 is a schematic cross sectional view in a line
VII-VII described in FIG. 145.

FIG. 147 is a schematic cross sectional view in a line
VIII-VIII described in FIG. 145.

FIG. 148 is a schematic cross sectional view ina line IX-IX
described in FIG. 145.

FIG. 149 is a plan view schematically showing the lid.

FIG. 150 is a schematic side elevational view as seen from
a direction of F1 described in FIG. 149.

FIG. 151 is a schematic side elevational view as seen from
a direction of F2 described in FIG. 149.

FIG. 152 is a schematic cross sectional view ina line XI-XI
described in FIG. 149.

FIG. 153 is a schematic side elevational view as seen from
a direction of F3 described in FIG. 149.

FIG. 154 is an explanatory view explaining the attachment
of'the 1id to the protection tube.

FIG. 155 is an explanatory view explaining the attachment
of'the 1id to the protection tube.

FIG. 156 is an explanatory view explaining an attachment
of the lid to the protection tube of the display device in
accordance with an embodiment 12.

FIG. 157 is an explanatory view explaining an attachment
of the lid to the protection tube of the display device in
accordance with an embodiment 12.

FIG. 158 is a perspective view schematically showing the
vicinity of an engaging shaft in an enlarged manner.

DETAILED DESCRIPTION

The following will describe in detail embodiments of the
present invention with reference to the drawings.

FIG. 1 is a schematic exploded perspective view of a con-
figuration of a display device according to the present inven-
tion, FIG. 2 is an exploded perspective view showing a con-
figuration of the display device in condition where its cabinet
is omitted, FIG. 3 is a partial vertical cross-sectional view of
the configuration of the display device, FIG. 4 is a schematic
perspective view showing a configuration of a light source
device, FI1G. 5 is a front view showing the configuration of the
light source device, FIG. 6 is a partial vertical cross-sectional
plan view showing the configuration of the light source
device, FIG. 7 is a schematic front view showing a configu-
ration of a substrate support body, FIG. 8 is a schematic back
view showing the configuration of the light source device,
FIG. 9 is a perspective view showing a configuration of a
light-emitting diode substrate, FIG. 10 is a schematic front
view showing a layout of the light-emitting diode substrate,
FIG. 11 is an enlarged front view showing a configuration of
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a lens and a shaft body portion, FIG. 12 is a graph showing a
light emission amount as a function of a light emission angle
of light emitted from the light-emitting diode, FIG. 13A is an
exploded cross-sectional view showing a configuration of a
shaft body, FIG. 13B is an exploded perspective view show-
ing the configuration of the shaft body, FIGS. 14A and 14B
are exploded cross-sectional views showing the configuration
of the shaft body portion, FIG. 15 is an enlarged cross-sec-
tional view taken along line XV-XV of FIG. 13A, FIG. 16 is
a front view showing a configuration of a reflection sheet,
FIG. 17 is a development view showing a configuration of a
corner portion of the reflection sheet, FIG. 18 is a cross-
sectional view showing a configuration of a support pin, FIG.
19 is a cross-sectional view showing a configuration of a lead
wire holding jig, FIG. 20 is a cross-sectional view showing
the lead wire holding jig in condition where its lid is opened,
FIG. 21 is a perspective view showing a configuration of a
lead hole portion in a substrate support body, and FIG. 22 is a
partially enlarged view showing the lead wire holding jig in
condition where its lid is removed.

The display device shown in FIGS. 1 to 3 includes a
roughly rectangular solid-shaped display unit A having a
display surface displaying a TV image on its front side, a
roughly rectangular solid-shaped light source device B dis-
posed behind this display unit A, an optical sheet C disposed
between the light source device B and the display unit A, and
a cabinet D for shielding a rim of the display unit A and a rear
side of the light source device B.
<Configuration of Display Unit A>

As shown in FIGS. 1 to 3, the display unit A has a roughly
rectangular solid-shaped liquid crystal display panel A1 hav-
ing the display surface and a front holding frame body A2 and
a rear holding frame body A3 for holding the rim of this
display panel A1 in condition where it is sandwiched by them
between the front and the rear, in a configuration that the rim
of the display panel A1 is held as sandwiched between the
front and the rear by binding the front holding frame body A2
and the rear holding frame body A3 by using a plurality of
male screws. A portion of the display unit A that is not
sandwiched by the front holding frame body Al and a rear
holding frame body A2 has a plurality ofholes formed in it for
attaching the rim of the display unit A to the light source
device B.
<Configuration of Light Source Device B>

As shownin FIGS. 11to 6, the light source device B includes
a plurality of light-emitting diodes B1 serving as a light
source that are spaced in two directions perpendicular to each
other and arranged in a grid, a group of circuit boards that
have a plurality of light-emitting diode substrates B3
arranged in one direction and thoroughly mounted on its one
surface with these light-emitting diodes B1 and lenses B each
of' which faces the top of each of the light-emitting diodes B1
and that are arranged in a plurality of lines, a plurality of
connectors B4 connecting the neighboring light-emitting
diode substrates B3 on the circuit board group, a reflection
sheet B5 facing the one surface and one surface of the con-
nector B4 for reflecting light diffused by the lens B2, a sub-
strate support body B6 for supporting the circuit board group
arranged in a plurality of lines on its one surface, a plurality of
shaft bodies B7 for fixing both ends of each of the light-
emitting diode substrates B3 to the substrate support body B6,
a plurality of support pins B8 for suppressing flexure of the
optical sheet C, a lead wire holding jig B9 for bundling and
holding midsections of a plurality of lead wires B40 con-
nected to the light-emitting diode substrate B3, and a plurality
of circuit boards B10 disposed on an outer surface of the
substrate support body B6.
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<Configuration of Substrate Support Body B6>

The substrate support body B6 is made of a metal plate and,
as shown in FIGS. 2 to 4, shaped like a case and includes a
roughly rectangular plate-shaped plate portion B61 and four
collar pieces B63 that connect to a frame portion B62 con-
necting to the rim of this plate portion B61 and having an open
front and to outer edges of this frame portion B62.

As shown in FIG. 7, the plate portion B61 includes a
plurality of first attachment holes B64 into which the shaft
bodies B7 for fixing both ends of the light-emitting diode
substrate B3 are fitted, a plurality of second attachment holes
B65 for attachment of the shaft bodies B7 so that the support
pin B8 or the reflection sheet BS may be inhibited from
deviating in a direction in which it separates from the light-
emitting diode substrate B3, a plurality of third attachment
holes B66 for attachment of accessories such as the circuit
board B10 to the other surface of the plate portion B61, a
plurality of positioning holes B67 for positioning the sub-
strate support body B6 to a form block for forming it, a
plurality of positioning convex portions B68 for positioning
the light-emitting diode substrate B3, convex-shaped first and
second indexes B69a and B69b for preventing a mistake in
assembly of the light-emitting diode substrate B3, and a
whirl-stop hole B60 disposed around one of the first attach-
ment holes B64.

The first attachment holes B64 are spaced and arranged in
one direction in a configuration that the plurality of attach-
ment holes B64 arranged in one direction make a hole string
and a plurality of the hole strings are arranged in parallel with
each other. The second attachment hole B65 is formed
between the two first attachment holes B64 formed in one of
the light-emitting diode substrates B3 and disposed at a plu-
rality of positions separate from each other and having the
same size as the first attachment hole B64.

The third attachment hole B66 is formed at a position that
faces the light-emitting diode substrate B3 between the two
first attachment holes B64 formed in one of the light-emitting
diode substrates B3 and arranged to be blocked up by the
light-transmitting diode substrate B3. The periphery of the
third attachment hole B66 is depressed toward the other sur-
face side so that the end of a shaft part fitted into the third
attachment hole B66 from this other surface side may not abut
against the light-emitting diode substrate B3. The positioning
hole B67 is arranged to be blocked up by the light-emitting
diode substrate B3 as itis formed between the two first attach-
ment holes B64 formed in one of the light-emitting diode
substrate B3 and disposed at three positions separate from
each other and facing the light-emitting diode substrate B3.
The positioning convex portion B68 is formed so that it may
project on the one surface at part of the position facing the rim
of each of the light-emitting diode substrates B3. The whirl-
stop hole B60 has a diameter smaller than the first attachment
hole B64 and is formed at a position slightly separate from the
first attachment hole B64 disposed at the midsection of the
plate portion B61.

On one surface of the plate portion B61 the circuit board
group is housed and supported in a plurality of lines, while on
the other surface of the plate portion B61 and on one length-
directional side, as shown in FIG. 8, a power supply circuit
board B10a is mounted which is connected via a second
connector B41 to one light-emitting diode substrate B3
among the circuit board group and on the other length-direc-
tional side a control circuit board B105 is mounted which
drives and controls the display unit A.

On one length-directional side of the plate portion B61, as
shown in FIG. 8, a lead hole B61a is formed for leading a lead
wire B40 of each of the connectors B41 to the other side ofthe
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plate portion B61, outside which lead hole B61a the lead wire
holding jig B9 is attached. At the inner edge of the lead hole
B61a, a plurality of recess portions B615 are formed and
around the lead hole B6la a recess lock portion Bélc is
provided as shown in FIG. 21.

On the lower side at the length-directional midsection on
the other surface of the plate portion B61, a signal processing
circuit board B10c¢ is mounted which processes an image
signal displayed on the display surface of the display unit A.
At a plurality of circumference directional positions of the
collar piece B63, an attachment hole corresponding to the
hole in the display unit A is formed and arranged to bind the
display unit A to the substrate support body B6 through tight-
ening of the male screws.
<Configuration of Light-Emitting Diode Substrate B3>

As shown in FIG. 9, the light-emitting diode substrate B3 is
shaped like an oblong having a circuit portion on its one
surface as well as the light-emitting diode B1 and the lens B2
mounted on it and a male-type or female-type connecting
portion B31 on one surface of its one end and a female-type or
male-type connecting portion B32 on one surface of the other
end. On the light-emitting diode substrate B3, through holes
B33 and B34 corresponding to the first attachment holes B64
are formed on the respective two ends, positioning recesses
B35 corresponding to the respective two positioning convex
portions B68 are formed between the two positions of the
through holes B33 and B34, a fit-in hole B36 corresponding
to the second attachment hole B65 is formed between the
positioning recesses B35, and a first recess marker B37 cor-
responding to the first index B69a is formed at one length-
directional end so that the light-emitting diode substrates B3
having the different connecting portion structures at their
respective two ends may not be disposed ina wrong direction,
and, further, a second recess marker B38 corresponding to the
second index B695b is formed in both width-directional sides
of one length-directional end so that the later-described two
kinds of light-emitting diode substrates B3 (first substrate and
second substrate) may not be disposed mistakenly. One of the
positioning recesses B35 is formed at a position facing the
whirl-stop hole B60. The circuit board group is configured by
arranging the plurality of light-emitting diode substrates B3
having the same or different lengths in one direction as shown
in FIG. 10. The group of the circuit boards having the difter-
ent lengths can be formed by, for example, selecting any one
of the light-emitting diode substrate B3 from among three
kinds of a short light-emitting diode substrate mounted with
the evenly spaced five light-emitting diodes B1, a medium-
length light-emitting diode substrate mounted with the evenly
spaced six light-emitting diodes B1, and a long light-emitting
diode substrate mounted with the evenly spaced seven or
eight light-emitting diodes B1 and combining it in one direc-
tion as shown in FIGS. 5 and 10.

The light-emitting diodes B1 have large irregularities in
luminance, so that the circuit board groups has the high-
luminance light-emitting diode B1 and the low-luminance
light-emitting diode B1 arranged alternately in order to make
the luminance uniform, in a configuration that the light-emit-
ting diode substrate B3 includes a first substrate on which the
light-emitting diodes B1 are arranged in a descending order
of luminance and a second substrate on which the light-
emitting diodes B1 are arranged in an ascending order of
luminance, those two first and second substrates being col-
ored differently so that they can be distinguished from each
other at first glance.

The through hole B33 formed at the one end of the light-
emitting diode substrate B3 is formed smaller in diameter
than the through hole B34 formed at the other end, a gap
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between the small-sized through hole B33 and the shaft body
B7 fit into it is decreased, and a gap between the larger-sized
through hole B34 and the shaft body B7 fitted into it is
increased to enable moving the side of larger-sized through
hole B34 in the width-direction around the shaft body B7
fitted into the smaller-sized through hole B33 so that no
overload may be applied to the connector B4 that intercon-
nects the ends of the respective light-emitting diode sub-
strates B3 arranged in the line direction.

The distance between the positioning recesses B35, B35
formed at the respective two positions on one light-emitting
diode substrate B3 changes with the changing length of the
light-emitting diode substrate B3 and is small for the short
light-emitting diode substrate B3, medium for the medium-
length light-emitting diode substrate B3, and large for the
long light-emitting diode substrate B3 so that the light-emit-
ting diode substrates B3 having the different lengths may not
be arranged mistakenly.

The first marker B37 is formed by caving in a portion of the
length-directional end to place the first index B69« into this
marker B37 so that if the light-emitting diode substrate B3
having the different connecting portion structure of the both
ends is allocated in a wrong direction, the first index B69a
may be shielded by the light-emitting diode substrate B3 and
cannot be recognized visually to confirm the mistake in allo-
cation direction of the light-emitting diode substrate B3. The
second marker B38 is formed by caving in width-directional
two sides of the one length-directional end place, the second
index B695 is arranged into this marker B38 so that if the first
and second substrate of the light-emitting diode substrate B3
are arranged mistakenly, the second index B6956 may be
shielded by the light-emitting diode substrate B3 and cannot
be recognized visually to confirm the mistake in kind of the
light-emitting diode substrate B3.
<Configuration of Lens B2>

As shown in FIGS. 6 and 11, the lens B2 faces the top of the
light-emitting diode B1 apart from it and includes a thick
disc-shaped translucent portion B21 having a hemispherical
recess portion for diffusing light emitted from this light-
emitting diode B1 in all directions and three projections B22
that project toward the light-emitting diode substrate B3 from
a face of this translucent portion B21 that faces the light-
emitting diode B1 in a configuration that the tip of this pro-
jection B22 is attached around the light-emitting diode B1 on
one surface of the light-emitting diode substrate B3 by using
an adhesive agent. FIG. 12 shows a light emission amount as
a function of a light emission angle of light emitted by the
light-emitting diode. The light emission amount is measured
at a position 20 mm apart from the light-emitting diode B1.
FIG. 12 shows that no light is emitted at a light emission angle
of at least 70 degrees with respect to a light emission angle of
zero degree (at the top of the light-emitting diode B1).
<Configuration of Shaft Body B7>

The shaft body B7 fitted into the first attachment hole B64
to fix the both ends of the light-emitting diode substrate B3 is
common to the shaft body B7 fitted into the second attach-
ment hole B65 to inhibit the reflection sheet B5 from deviat-
ing in a direction away from the light-emitting diode substrate
B3. Since the through holes B33 and B34 are formed at the
respective two ends of the light-emitting diode substrate B3,
the shaft body B7 is fitted through those through holes B33
and B34 at those ends into the first attachment hole B64 so
that in a configuration that the plurality of light-emitting
diode substrates B3 are arranged as shown in FIG. 10, both
ends of the light-emitting diode substrate B3 can be fixed
securely without forgetting to fit in the shaft body B7 or fitting
it mistakenly. As shown in FIGS. 13A, 13B, 14A, and 14B,
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the shaft body B7 has a synthetic resin-made flexible tube
B71 and a synthetic resin-made pin B72 fitted into this flex-
ible tube B71. The flexible tube B71 has a small-diameter
head portion B71a at its one end and a plurality of axis
length-directional slits B715 and an inward expanding bulgy
portion, in a configuration that a portion piece between the
slits B715 is axially flexible, the flexible tube B71 is fitted into
the through hole B33 or B34 and the first attachment hole
B64, and the head portion B71a comes in contact with one
surface of the light-emitting diode substrate B3 to press the
light-emitting diode substrate B3 to the plate portion B61.

The pin B72 faces the head portion B71a of the flexible
tube B71 in the axis length direction and has a head portion
B72a at its one end which head portion is larger in diameter
than this head portion B71a in such a configuration that if this
head portion B72q is fitted into the flexible tube B71, the
portion piece between the slits B715 of the flexible tube B71
may expand axially outward outside the attachment hole B64
so cannot come out of the attachment hole B64 to give rise to
a space larger in length than the thickness of the reflection
sheet B5 between the inner rim surface of the head portion
B72a and one surface of the light-emitting diode substrate B3
so that if the reflection sheet B5 expands thermally owing to
heat occurring upon emission of light by the light-emitting
diode B1, expansion and contraction of the reflection sheet
B5 owing to the thermal expansion may be tolerated to pro-
hibit the reflection sheet BS from getting wrinkles. As shown
in FIGS. 14A and 14B, the pin B72 may come in a type having
the circular head portion B724 and a type having the oval head
portion B72a. The pin B72 having an oval head portion B72a
has a whirl-stop hole B60 and a whirl-stop pin B73 integrally
formed on one side in the length direction of the head portion
B72a which pin B73 is fitted into one of the positioning
recesses B35.

The shaft body B7 is formed so that its size from one
surface of the light-emitting diode substrate B3 to the top of
the head portion B72a may be smaller in length than its size
from the one surface of the light-emitting diode substrate B3
to the top of the lens B2 as shown in FIG. 6 to inhibit light
diffused by the lens B2 from interfering with the head portion
B72a of the shaft body B7 so that the shaft body B7 can be
prevented from giving rise to irregularities in luminance.

An inner surface of the head portion B724 that faces one
surface of the light-emitting diode substrate B3 has a plurality
of recesses B74 that cave in toward the top except one cir-
cumferential portion and are open to the rim as shown in FIG.
15. Between the recess B74 and one surface of the light-
emitting diode substrate B3, a space where the peak of a tool
such as a standard screwdriver is inserted is provided by the
recess B74 and configured so that the pin B72 can be easily
pulled out of it with the tool. Although the recesses B74 are
evenly spaced to three positions as shown in FIG. 13B, they
may be evenly spaced to four positions or the number of them
is not limited in particular and may be one or two.
<Configuration of Reflection Sheet B5>

The reflection sheet B5 is formed of a synthetic resin-made
sheet material having high reflectivity and, as shown in FIGS.
5 and 16, has a roughly rectangular flat portion B51 and a
frame portion B52 that is bent at a first fold B5a formed at a
rim of this flat portion B51 and, when is bent at it, shaped like
a case.

The flat portion B51 has formed in it with a first hole B53
in which each of the lenses B2 arranged in a grid is disposed,
a second hole B54 into which the shaft body B7 fixing the
light-emitting diode substrate B3 is fitted, and a third hole
B55 into which the shaft body B7 inhibiting the support pin
B8 or the reflection sheet B5 from deviating in the direction
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away from the light-emitting diode substrate B3 is fitted and
has a pair of slits B56 facing each other in parallel and apart
from each other along the sheet surface which are formed at a
position facing each of the connector B4 in a configuration
that if the reflection sheet B5 is placed on the plurality of
light-emitting diode substrates B3 connected with the con-
nector B4, a portion between the pair of slits BS6 may deviate
in the thickness direction and the reflection sheet BS can
reflect light also at the portion facing the connector B4 and
also continues to the one central second hole B54 to have a
long hole B57 formed in it that faces the whirl-stop hole B60
via one of the positioning recesses B35 as shown in FIG. 16.

As shown in FIG. 17, between a corner B51a of the flat
portion B51 and the rim of a corner B524a of the frame portion
B52, three divergent second folds B5b are formed ranging
from the corner B51a of the flat portion B51 to the rim of the
corner B52a of the frame portion B52 so that no gap or step
may occur at the corner B524 of the frame portion B52 by
folding the flat portion B51 at the second fold B5éA.

As shownin FIG. 11, the first hole B53 is formed somewhat
larger in diameter than a translucent portion B21 of the lens
B2 and the translucent portion B21 is disposed on the side of
the optical sheet C more than the flat portion B51 so that
expansion and contraction of the reflection sheet B5 due to
thermal expansion, if any, ofthe reflection sheet BS caused by
light emitted from the light-emitting diode B1 may be toler-
ated by the gap between the rim of the translucent portion B21
and the first hole BS3. The second hole B54 is smaller than the
first hole B53 but larger than the head portion B72a and
continues to one side of the neighboring first hole B53,
thereby enabling absorbing expansion and contraction of the
reflection sheet B5 owing to its thermal expansion. Further,
the one central second hole B54, that is, the second hole B54
to which the long hole B57 continues is separate from the first
hole B53.

The third hole B55 is formed smaller than the second hole
B54 and the head portion B71a of the flexible tube B71. A
minute-hole identification portion B55a is formed around the
third hole B55 into which the support pin B8 is inserted but
not around the third hole B55 into which the shaft body B7
that inhibits the reflection sheet B5 from deviating in a direc-
tion away from the light-emitting diode substrate B3 is fitted.
The identification portion B55a is disposed at a position
where it is larger in diameter than the head portion B72a of the
shaft body B7 so that if the shaft body B7 is fitted into the third
hole B55 mistakenly instead of the support pin B8, the iden-
tification portion B55a may be exposed so that the mistake
can be recognized.

As shown in FIG. 16, the pairs of'slits B56 are formed apart
in a direction (perpendicular to the lines) in which the group
of circuit boards are arranged in a plurality of lines in condi-
tion where the facing direction of each of the pairs may be
different alternately so that those slits B56, B56 may deviate
in the thickness direction starting from a non-slit portion
between their respective ends and the deviating portion may
face each of the connectors B4. In this configuration, the
portion facing each connector B4 has the high-reflectivity
reflection sheet B5 and deviates starting from the non-slit
portion between the respective ends of the slits B56, B56, so
that an angle of a portion ranging from the top of the deviating
portion to the non-slit portion inclined with respect to the flat
portion B51 can be reduced. Therefore, as shown in FIG. 4,
even in a case where the number of the connectors B4
arranged is relatively large, it is possible to reduce the incli-
nation angle due to the deviation of the portion that faces each
connector B4 to raise the light reflectivity in a direction per-
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pendicular to the sheet surface, thereby maintaining even
more appropriate luminance characteristics.

As shown in FIG. 14B, the one central second hole B54
with which the long hole B57 continues is smaller in diameter
than the head portion B71a of the flexible tube B71, so that
only the periphery of one of the second holes B54 in the
reflection sheet B5 is pressed by the head portion B71a to one
surface of the light-emitting diode substrate B3 so that the
reflection sheet B5 may be positioned irrespective of expan-
sion or contraction of the reflection sheet BS caused by its
thermal expansion. The long hole B57 serving as a misalign-
ment prevention hole has mostly the same width size as the
whirl-stop pin B73 and long in a direction away from the one
central second hole B54 so that it can come in contact with the
circumference surface of the whirl-stop pin B73 to prevent
the reflection sheet B5 from being misaligned in the circum-
ferential direction of the reflection sheet B5, thereby main-
taining its positional relationship with the lens B2 in the first
hole B53.
<Configuration of Support Pin>

As shown in FIG. 18, the support pin B8 has a synthetic
resin-made flexible tube B81, a synthetic resin-made pin B§2
fitted into this flexible tube B81, and a columnar portion B83
integrally formed with this pin B82. The flexible tube B81 has
a small-diameter head portion B81a at its one end and, at the
other end, a plurality of axis length-directional slits B815 and
an inward expanding bulgy portion, in a configuration that a
portion piece between the slits B815 is axially flexible, the
flexible tube B81 is fitted into the third hole B55 and the
second attachment hole B65, and the head portion B81a
comes in contact with one surface of the light-emitting diode
substrate B3 to press the light-emitting diode substrate B3 to
the plate portion B61.

The pin B82 faces the head portion B81a of the flexible
tube B81 in the axis length direction and has a head portion
B82a at its one end which head portion B82q is larger in
diameter than this head portion B81a and the head portion
B72a of the shaft body B7 in such a configuration that if this
head portion B82aq is fitted into the flexible tube B81, the
portion piece between the slits B815 of the flexible tube B81
may flex axially outward outside the second attachment hole
B65 so cannot come out of the second attachment hole B65 to
give rise to a space larger in length than the thickness of the
reflection sheet B5 between the inner rim surface of the head
portion B82a and one surface of the light-emitting diode
substrate B3 so that if the reflection sheet B5 expands ther-
mally owing to heat occurring upon emission of light by the
light-emitting diode B1, expansion and contraction of the
reflection sheet B5S owing to the thermal expansion may be
tolerated to prohibit the reflection sheet BS from getting
wrinkles. The columnar portion B83 is roughly shaped like a
cone from the head portion B824 and configured so that its tip
may face the optical sheet C somewhat apart from it to inhibit
the optical sheet C from flexing toward the light-emitting
diode substrate B3. The head portion B82a is formed to be
large enough to shield the identification portion B554 of the
reflection sheet B5S when the support pin B8 is fitted into the
third hole B55 so that if the shaft body B7 is fitted into the
third hole B55 mistakenly, the identification portion B55a
may be exposed out of the head portion B82a.
<Configuration of Lead Wire Holding Jig>

As shown in FIGS. 19, 20, and 22, the lead wire holding jig
B9 has a roughly rectangular protection tube B91 that is
attached around the lead hole B61a by fitting and a 1id B92
that blocks up an open end of this protection tube B91. Inside
the protection tube B91, a recess B91a disposed in parallel
with the plate portion B61 and continuing to the lead hole
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B61a is formed so that the lead wires B40 lead from the lead
hole B61a can be bundled. A convex-shaped to-be-engaged
portion B91b which is inserted into the recess B615 to engage
with the edge portion of the lead hole B6la by sliding is
provided at the open end on one side of the protection tube
B91, a pivotally supporting convex portion B91c¢ is provided
on one side of the protection tube B91, and a to-be-locked
portion B91d which is locked to the lock portion Bélc is
provided on the other side of the protection tube B91, so that
the protection tube B91 is attached to the periphery ofthe lead
hole B61a by the to-be-engaged portion B915 and the to-be-
locked portion B91d. At the open portion on the other side of
the protection tube B91, a plurality of recess-shaped retaining
portion B91e are provided.

The lid B92 is shaped like a plate and has a to-be-locked
portion B92a which is locked to the pivotally supporting
convex portion B91c¢ on one side of its rim and a convex-
shaped to-be-retained portion B925 which is retained to the
retaining portion B91e on the other side, in a configuration
that when the lid B92 is swung in the closing direction using
the to-be-locked portion B92a as a supporting point in order
to block up the open end of the protection tube B91, the lead
wires B40 bundled in the recess B91a may be sandwiched
between the recess B91a in the protection tube B91 and the lid
B92. Accordingly, as shown in FIG. 2, it is possible to quickly
bundle and hold in the recess B91a the lead wires B40 of the
connector B2 connected to the circuit board group, thereby
simplifying processing to wire the lead wires B40.
<Configuration of Optical Sheet C>

The optical sheet C is a stack obtained by stacking a rela-
tively thick diffusion plate for diffusing light emitted by the
light-emitting diode B1 serving as the light source and rela-
tively thin synthetic resin sheets such as a reflective polariza-
tion plate, a prism sheet, and a diffusion sheet and has its rim
supported by the collar piece B63 of the substrate support
body B6.
<Configuration of Cabinet D>

The cabinet D has a cabinet front divided unit D1 for
shielding the front side of the rim of the display unit A and a
bowl-shaped cabinet rear divided unit D2 for shielding the
rim and the rear side of the light source device B and is
attached to the collar piece B63 of the substrate support body
B6 with male screws.

The display device having such a configuration is
assembled in the following steps of (1) to (8).

(1) The display panel Al is placed on the rear holding
frame A3 flatly placed on a work station, the front holding
frame A2 is placed on this display panel Al, and those front
holding frame A2 and rear holding frame A3 are bound with
male screws to form the display unit A.

(2) The substrate support body B6 on which the circuit
board B10 is not mounted is flatly placed on another work
station in condition where its open end turns up and the
plurality of light-emitting diode substrates B3 neighboring
each other in one direction are arranged in a plurality of lines
on one surface of the plate portion B61 of this substrate
support body B6 as shown in FIG. 7. In this case, of the
light-emitting diode substrates B3 neighboring each other in
the one direction, for example, the short light-emitting diode
substrates each of which is mounted with the five light-emit-
ting diodes B1 are arranged in a plurality of lines, then the
medium-length light-emitting diode substrates each of which
is mounted with the six light-emitting diodes B1 are arranged
in a plurality of lines, and then the short light-emitting diode
substrates each of which is mounted with the five light-emit-
ting diodes B1 are arranged in a plurality of lines, thereby
configuring the circuit board group. To the short light-emit-
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ting diode substrates arranged first, the second connector B41
is connected beforehand, the medium-length light-emitting
diode substrates are connected with the connector B4, and to
the short light-emitting diode substrates arranged last, a short
connector is connected.

The plate portion B61 has the positioning convex portion
B68 as well as the first index B69a and the second index B695
formed on it and the light-emitting diode substrate B3 has the
positioning recess B35 as well as the first marker 37 and the
second marker 38 formed on it, so that when configuring the
circuit board group, by engaging the positioning recess B35
in the light-emitting diode substrate B3 with the positioning
convex portion B68, the light-emitting diode substrates B3
having the different lengths can be simply arranged to appro-
priate positions, and by aligning the first marker 37 with the
first index B69a and the second marker 38 with the second
index B69b, it is possible to simply arrange to appropriate
positions the light-emitting diode substrates B3 that are dif-
ferent in connecting portion structure at both ends and in
order in which the high-luminance and low-luminance light-
emitting diodes B1 are arranged. When arranging the light-
emitting diode substrates to which the second connector B41
is connected, the lead wire B40 of the second connector B41
is led from the lead hole B61a to the outside of the substrate
support body B6.

(3) Both ends of each of the light-emitting diode substrates
B3 arranged in the substrate support body B6 are fixed to the
plate portion B61 by the shaft body B7. In this case, the shaft
body B7 is inserted sequentially through the through holes
B33 and B34 formed in both ends of each of the light-emitting
diode substrates B3 and fitted into the attachment hole B64 in
the plate portion B61, thereby fixing each of the light-emit-
ting diode substrates B3 to the substrate support body B6. In
this case, the shaft body B7 is fitted into the through hole B33
formed in one end of the light-emitting diode substrate B3 and
then fitted into the through hole B34 formed in the other end
of the light-emitting diode substrate B3. The through hole
B33 into which the shaft body B7 is fitted first is smaller than
the through hole B34 into which it is fitted later, so that even
if the through hole B34 formed in the other end is somewhat
shifted with respect to the attachment hole B64, this shift in
position can be absorbed to fix the light-emitting diode sub-
strate B3, thereby preventing overloads from being applied to
the connector B4. The shaft body B7 is fitted in the next
process into the one central attachment hole B64 into which
the shaft body B7 having the whirl-stop pin B73 is to be fitted.

(4) The reflection sheet B5 is placed on one surface of the
light-emitting diode substrate B3 fixed to the plate portion
B61 of the substrate support body B6 and the rim of this
reflection sheet B5 is placed on the collar piece B63 of the
substrate support body B6. In this situation, the lens B2 is
disposed in the first hole B53 in the reflection sheet B5.

(5) Either one of the support pin B8 and the shaft body B7
that inhibits the reflection sheet BS from deviating in a direc-
tion away from the light-emitting diode substrate B3 is fitted
into the third hole B55 in the reflection sheet BS and the fit-in
hole B36 and the second attachment hole B65 sequentially. In
this situation, the head portion B724 of the shaft body B7 is
larger in diameter than the third hole B55 and the inner face of
this head portion B72a faces the periphery of the third hole
B55 in the reflection sheet B5, so that the reflection sheet BS
can be prevented from deviating in a direction away from the
light-emitting diode substrate B3.

The flexible tube B71 of the shaft body B7 having the
whirl-stop pin B73 is fitted into the one central second hole
B54 in the reflection sheet B5, so that the whirl-stop pin B73
can be fitted into the long hole B57, the one positioning recess
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B35, and the whirl-stop hole B60, thereby preventing the
reflection sheet B5 from being shifted in the circumferential
direction of the reflection sheet BS.

(6) The optical sheet C is placed on the rim of the reflection
sheet BS placed on the collar piece B63 of the substrate
support body B6, the display unit A is placed on this optical
sheet C, a male screw is inserted through the insertion hole
formed in the rim of this display unit A and screwed into the
attachment hole formed in the collar piece B63 to thereby
sandwich the optical sheet C between the display unit A and
the substrate support body B6 and fix the display unit A to the
substrate support body B6. In this situation, the support pin
B8 can inhibit the optical sheet C from flexing.

(7) The display unit A turns down, the substrate support
body B6 is turned over on the work station so that it may turn
up, the plurality of circuit boards B10 are attached to the third
attachment hole B66 in the plate portion B61, and the lead
wires B40 of the second connector B41 are bundled and held
by the lead wire holding jig B9.

(8) The display unit A is placed on the cabinet front divided
unit D1 flatly placed on the work station so that it may turn
down, the cabinet rear divided unit D2 is placed on the sub-
strate support body B6, the rim side of the cabinet rear divided
unit D2, the collar piece B63 of the substrate support body B6,
and the rim side of the cabinet front divided unit D1 are bound
with male screws to form the display device.
<Another Configurations of Display Device>

FIG. 23 is a development view showing another configu-
ration of the corner of the reflection sheet, FIG. 24 is a front
view showing another configuration of the portion that faces
the connector of the reflection sheet, FIG. 25 is a front view
showing another configuration of the light source device,
FIG. 26 is a schematic front view showing another configu-
ration of the substrate support body, FIG. 27 is a schematic
front view showing another configuration of the reflection
sheet, and FIG. 28 is a cross-sectional view showing another
relationship between the reflection sheet and the shaft body.
<Another Configuration of Reflection Sheet B5>

As shown in FIG. 23, a roughly V-shaped defect portion
B58 may be formed at the corner B52a of the frame portion
B52 of the reflection sheet BS so that when the four frame
portions B52 continuing to the four sides of the flat portion
B51 at the first fold B5a are obliquely folded with respect to
the flat portion B51, two edges B58a of the defect portion B58
may agree and this agreement condition may be held by
binding means such as double-faced tape.

As shown in FIG. 24, a portion of the reflection sheet B5
that faces the connector B4 may have two slits B59 formed in
it that are shaped like letter C and each have longer sides
facing the sheet surface apart from it in a direction along it and
two shorter sides extending from this longer side’s two ends
respectively along a direction in which they get near each
other respectively and deviate in parallel with the sheet sur-
face starting from two deviation start points between the slits
B59, B59, thereby improving performance of deviation in the
thickness direction of the portion that faces the connector B4.
<Another Relationship Between the Shaft Body B7 and
Reflection Sheet B5>

Since the shaft body B7 fixing both ends of the light-
emitting diode substrate B3 has worse optical reflectivity than
the reflection sheet B5, the shaft body B7 fixing one end of the
light-emitting diode substrates B3 arranged in a plurality of
lines as shown in FIG. 25 may be disposed in a zigzag manner
in a direction perpendicular to the line direction and the shaft
body B7 fixing the other end of the light-emitting diode
substrate B3 may be disposed in a zigzag manner in a direc-
tion that orthogonally intersects with the line direction so that
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a position where irregularities in luminance occur owing to
the shaft bodies B7 can be expanded and hardly be recog-
nized.

In this situation, the first attachment hole B64 and the
positioning convex portion B68 neighboring each other in the
direction that orthogonally intersects with the line direction
of the light-emitting diode substrates B3 deviate in this line
direction and are arranged in a zigzag manner as shown in
FIG. 26. The light-emitting diode substrate B3 includes a first
light-emitting diode substrate that has a smaller size from
both ends to the through holes B33 and B34 and a second
light-emitting diode substrate that has a larger size from both
ends to the through holes B33 and B34 in a configuration that
the first and second light-emitting diode substrates are alter-
nately arranged in a direction perpendicular to the line direc-
tion, to arrange the through holes B33 and B34 in a zigzag
manner corresponding to the first attachment holes B64
arranged in a zigzag manner, finally arranging the shaft bod-
ies B7 fitted into the through holes B33 and B34 in a zigzag
manner in a direction perpendicular to the line direction.

Besides the configuration in which the long hole B57 for
preventing the reflection sheet B5 from shifting circumferen-
tially continues to one second hole B54 disposed at the mid-
section of the reflection sheet BS, another configuration may
be employed in which the long hole B57 would be one of the
second holes B54 disposed on the rim side of the reflection
sheet B5 as shown in FIG. 28. In this case, the long hole B57
has mostly the same-sized width as the head portion B71a of
the shaft body B7 and is longer in a direction away from the
one second hole B54 disposed at the midsection so comes in
contact with the circumferential surface of the head portion
B71a to prevent the reflection sheet BS from shifting circum-
ferentially, while into the second hole B54 disposed at the
midsection of the reflection sheet B5, the shaft body B7
having the circular head portion B72a is fitted instead of the
pin B72 having the oval head portion B724. Besides the
configuration in which the long hole B57 continues to the first
hole B53 in the reflection sheet B5S as shown in FIG. 28,
another configuration may be employed in which it is separate
from the first hole B53.

The following will describe in detail the embodiments 1-1
to 12-2 of the present invention with reference to the draw-
ings. The reference numerals denoting components corre-
sponding to those in FIGS. 1 to 28 are parenthesized here to
clearly define their equivalence to those in FIGS. 1 to 28.

Embodiment 1-1

FIG. 29 is a perspective view showing a configuration of a
light source device according to the present invention, FIG.
30 is a plan view showing the configuration of the light source
device, FIG. 31 is a plan view showing a configuration in
which a reflection sheet of the light source device is omitted,
and FIG. 32 is a partially enlarged cross-sectional view show-
ing the configuration of the light source device.

The shown light source device (B) includes a plurality of
light-emitting diodes 1 (B1) that are mounted on the rear side
of a roughly rectangular solid-shaped display unit (A) of a
thin-type display device including a display surface on its
front side and this display unit and that serve as light sources
arranged on a grid, a plurality of light-emitting diode sub-
strates 2 (B3) mounted with those light-emitting diodes 1 on
one surface 2a and arranged in a plurality of lines, a plurality
of connectors 3 (B4) interconnecting the neighboring light-
emitting diode substrates 2, a plurality of lenses 4 (B2)
mounted on the one surface 2a of the light-emitting diode
substrate 2 so that they may face the top of the light-emitting
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diode 1 and diffuse light emitted by this light-emitting diode
1, areflection sheet 5 (B5) having a through hole Sa (first hole
B53) in which the lens 4 is disposed and facing the one surface
2a and one surface of the connector 3 to reflect light diffused
by the lens 4, and a support case 6 (substrate support body B6)
housing and supporting the light-emitting diode substrates 2
in condition where they are arranged in a plurality of lines.

The light-emitting diode substrates 2 are each shaped like
an oblong having a circuit portion on its one surface 2a and
arranged on one surface 6a of the roughly rectangular support
case 6 in condition where they are arranged in a plurality of
lines apart from each other in a length direction and a width
direction. On the one surface 2a of each of the light-emitting
diode substrates 2, the plurality of light-emitting diodes 1 are
mounted apart from each other in the length direction and
connecting portions 21 and 22 (B31, B32) are provided at the
length-directional two ends of the one surface 2a as shown in
FIG. 31.

Of the light-emitting diode substrates 2 arranged in the
plurality of lines so that their respective one length-direc-
tional ends may face each other, the light-emitting diode
substrates 2 in each line have the neighboring two connecting
portions 21, 21 connected by the connector 3 to each other in
a configuration that the connecting portion 22 on one light-
emitting diode substrate 2 is connected by a second connector
(B41) to a power supply circuit board mounted on the rear
surface of the support case 6 and a short connector is con-
nected to the connecting portion 22 of the other light-emitting
diode substrate 2.

The support case 6 is formed of a metal plate and has a
roughly rectangle-shaped flat plate portion 61 (B61) and a
frame portion 62 (B62) that continues to the rim of this plate
portion 61 and is open at its front end in a configuration that
the light-emitting diode substrates 2 are housed and sup-
ported on a front surface 6a ofthe plate portion 61 as arranged
in a length direction and a width direction. The frame portion
62 is formed by folding frame pieces that continue to the four
sides of the plate portion 61 respectively.

The plate portion 61 is mounted on its rear surface with a
plurality of circuit boards (B10) such as a power supply
circuit board connected with the second connector to the
connecting portion 22 of the light-emitting diode substrate 2,
a control circuit board for driving and controlling the display
unit and the like.

FIG. 33 is a plan view showing a configuration of the
reflection sheet, FIG. 34 is an enlarged front view showing a
configuration of main portions in condition where the reflec-
tion sheet is spread out, FIG. 35 is an enlarged front view
showing a configuration of the main components of the
reflection sheet, and FIG. 36 is an enlarged lateral plan view
showing a configuration of a reflection sheet portion. The
reflection sheet 5 (B5) is made of one rectangular synthetic
resin-made sheet material having high reflectivity and has a
flat portion 51 (B51) smaller than the plate portion 61 of the
support case 6 and a frame portion 52 (B52) continuing to all
rims of'this flat portion 51 at four first folds 56 (B5a) at which
it can be folded as well as a second fold 53 (B5b) perforated
between a corner 51a (B51a) of each flat portion 51 and a
corner 52a (B52a) of the frame portion 52 so thatifit is folded
atthe first fold 56 and the second fold 53, the frame portion 52
may tilt outward with respect to the frat portion 51 to provide
a case shape with the front side being open. The first fold 55
and the second fold 53 are perforations.

There are the three second folds 53 divergent from the
corner 51a of the flat portion 51 toward the rim of the corner
52a of the frame portion 52, so that if the sheet is valley-
folded at the central fold 534 and mounted-folded at the two
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folds 5354, 5354 on its both sides, those folds 5354, 535 on both
sides agree without a thickness-directional step. At the outer
edge of the corner 524 of the frame portion 52, an L-shaped
defect portion 54 is formed.

Two folded portions 53¢, 53¢ folded at the three folds 53a,
53b, and 535 are combined into the shape of a plate and bound
with adhesive tape 55 such as double-faced tape so that the
folded condition of the frame portion 52, in other words, the
shape of the frame portion 52 can be maintained.

A site of the flat portion 51 that faces the outer edge of the
connector 3 is provided with a deviation portion that can
deviate in the thickness direction at a plurality of slits that
mutually face apart from each other in a direction along the
sheet surface, while a site of the flat portion 51 that corre-
sponds to each of the lenses 4 has the through hole 5a (first
hole B53) formed in it that is somewhat larger in diameter
than this lens 4 so that the lens 4 is disposed in this through
hole 5a.

The reflection sheet 5 continues to the four sides of the
frame portion 52 having a rectangular rim via a third fold 5¢
and is integrally formed with four collar portions 56 that
extend outward in parallel with the flat portion 51.

The two collar portions 56, 56 that face each other in the
length direction of the reflection sheet 5 has a projecting
portion 56a that projects from both ends of those collar por-
tions 56 in the length direction of the collar portions 56, 56
rather than the defect portion 54 so that when the corners 52a
agree at the three second folds 53, one side edge of this
projecting portion 56a may abut against both end edges of the
remaining two collar portions 56, 56, giving rise to no gap
between the two ends of each of the collar portions 56.

As shown in FIG. 31, for example, the five or six light-
emitting diodes 1 are mounted on the light-emitting diode
substrate 2 in condition where they are apart in its length
direction in a configuration that for each of the light-emitting
diodes 1, the five or six lenses 4 are attached to the one surface
2a with an adhesive agent.

The lens 4 (B2) faces the top of the light-emitting diode 1
apart from it and has a translucent portion (B21) having a
semispherical recess for diffusing light emitted from this
light-emitting diode 1 in all directions and three positioning
projections (B22) that project toward the light-emitting diode
substrate 2 from a face of this translucent portion that faces
the one surface 2a so that the translucent portion may be
positioned with respect to the light-emitting diode substrate 2,
in a configuration that the tip of this positioning projecting
portion is attached to the one surface 2a with an adhesive
agent. This positioning projection makes a distance between
the translucent portion and the light-emitting diode substrate
2 somewhat larger than the thickness of the reflection sheet 5
so that thermal expansion of the reflection sheet 5 can be
absorbed.

In the light source device having such a configuration, the
support case 6 is placed on a work station so that its open side
may turn up, the two light-emitting diode substrates 2 neigh-
boring each other in the line direction are arranged in a plu-
rality of lines in the front face of the plate portion 61 of the
support case 6, the connector 3 is connected to the connecting
portions 21, 21 provided at the neighboring ends of the light-
emitting diode substrates 2 in each line, and the reflection
sheets 5 are placed on the one surface 2a of the light-emitting
diode substrate 2 in each line in condition where they face
each other. Since the reflection sheet 5 is shaped like a case
having the open front side, the flat portion 51 faces the one
surface 2a of the light-emitting diode substrate 2 and the plate
portion 61 of the support case 6 and the frame portion 52 faces
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the frame portion 62 of the support case 6, so that the entire
surface in the support case 6 serves as a reflection surface.

The flat portion 51 and the frame portion 52 of the reflec-
tion sheet 5 are formed by folding one sheet of a synthetic
resin-made sheet material at the first fold 54 and the second
fold 53, so that the case-shaped reflection sheet 5 can be easily
obtained without giving rise to a gap and, even if dust or dirt
enters the support case 6, the dust or dirt in this support case
6 can be prevented from entering the reflection sheet 5. Fur-
ther, the corners 52a of the frame portion 52 of the case-
shaped reflection sheet 5 mutually agree at the three second
folds 53 in such a manner as not to give rise to a thickness-
directional step, so that it is possible to improve luminance
characteristics at the corner 52a of the frame portion 52,
thereby preventing a shadow from occurring at the corner 52a
of the frame portion 52. Further, the rim of the corner 52a of
the frame portion 52 has the roughly L-shaped defect portion
54, so that it is possible to prohibit the rim of the corners 52a
agreeing at the second fold 53 from projecting to the outside.

FIG. 37 is a cross-sectional view showing a configuration
of'a display device including a light source device according
to the present invention. The display device has a display
surface for displaying a TV image on its front side and
includes a roughly rectangular solid-shaped display unit 70
(A), a light source device A (B) disposed behind this display
unit 70, and a cabinet 71 (D) for shielding the rim of the
display unit 70 and the rear side of the light source device A.

The display unit 70 (A) has a display panel 72 (A1) having
a display surface and an optical sheet 73 (C) disposed behind
this display panel 72. The rim of the display panel 72 is held
in condition where it is sandwiched by a front holding frame
body 74 (A2) and a rear holding frame body 75 (A3) between
the front and the rear, to configure a panel module in which the
rear holding frame body 75 is attached to the rim of the
support case 6.

The optical sheet 73 is a stack obtained by stacking a
relatively thick diffusion plate for diffusing light emitted by
the light-emitting diode 1 serving as the light source and
relatively thin synthetic resin sheets such as a reflective polar-
ization plate, a prism sheet, and a diffusion sheet.

The support case 6 has the frame body 62 that continues to
the plate portion 61 and the rim of this plate portion 61 and
supports the rim of the diffusion plate on this frame portion
62.

The cabinet 71 has a cabinet front divided unit 71a (D1) for
shielding the front side of the rim of the display unit 70 and a
bowl-shaped cabinet rear divided unit 716 (D2) for shielding
the rim and the rear side of the light source device A and is
attached to the frame portion 62 of the support case 6 with
male screws.

Embodiment 1-2

FIG. 38 is an exploded front view showing another con-
figuration of main components of a reflection sheet included
in a light source device according to the present invention.
Instead of forming the three second folds 53 at a corner of a
frame portion 52 in a reflection sheet 5 (BS), this light source
device has a roughly V-shaped defect portion 57 at a corner
52a of the frame portion 52 so that when the four frame
portions 52 continuing to the four sides of a flat portion 51 at
afirst fold 56 are obliquely folded with respect to a flat portion
51, two edges 57a, 57a of the defect portion 57 may agree and
this agreement condition may be held by double-faced tape
55.

The reflection sheet 5 made of one rectangular synthetic
resin-made sheet material has the flat portion 51 smaller than
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the plate portion 61 of the support case 6 and the four frame
portions 52 continuing to the four sides of this flat portion 51
at the first folds 556, so that by folding each of the frame
portions 52 at the first fold 54 obliquely with respect to the flat
portion 51, this sheet is shaped like a case in which the frame
portions 52 are inclined outward with respect to the flat por-
tion 51 and the two edges 574, 57a of the defect portion 57
agree. By applying double-faced tape 55 to the outer surfaces
of both ends of the neighboring frame portions 52 in this
condition, the shape of the case can be maintained. By inte-
grally forming a folded piece continuing at the fourth fold
with one of the ends of the neighboring frame portions 52, it
is possible to easily bind the folded piece and the other end of
the neighboring frame portions 52 by using the double-faced
tape.

The other configurations and functions are almost the same
as those of the embodiment 1-1, so that identical reference
numerals are given to identical components, and detailed
description on the identical components and that on the func-
tions and effects will be omitted.

Embodiment 1-3

FIG. 39 is an exploded front view showing another con-
figuration of the main components of the reflection sheet
included in the light source device according to the present
invention and FIG. 40 is an enlarged front view showing a
further configuration of the main components of the reflection
sheet. Instead ofhaving the defect portion 57 at the corner 52a
of'the frame portions 52 on the flat portion 5, this light source
device has three second folds 53 along the rim of the frame
portion from a corner 51a of a flat portion 51 and one slit 58
in a configuration that the corner 524 of the frame portion 52
is formed at the second folds 53 and the ends of the frame
portions 52 that neighbor each other at the slit 58 agree to hold
the agreement condition and the corner 524 by using double-
faced tape.

The slit 58 is formed along the facing two sides of the flat
portion 51 from its corners 51a respectively, so that both ends
of'the two frame portions continuing to the facing two sides of
the flat portion 51 have a projecting portion a that projects
outward beyond the corner 51a from both ends of the other
two frame portions, which the projecting portion faces both
ends of the other two frame portions.

The projecting portion has three second folds formed in it
that are divergent from the corner 51a toward the rim (corner
of the projecting portion) of the corner 52a.

In the present embodiment, by folding each of the frame
portions at the fold and folding the projecting portion at the
three second folds, a case shape having an open front side is
provided in which the frame portions are inclined outward
with respect to the flat portion 51, so that two folded portions
formed at the second folds are bound by a binding member
such as double-faced tape and the edges of the neighboring
frame portions owing to the slit are bound by adhesive tape,
thereby holding the case shape.

The other configurations and functions are almost the same
as those of the embodiment 1-1, so that identical reference
numerals are given to identical components, and detailed
description on the identical components and that on the fuc-
tions and effects will be omitted.

Embodiment 1-4

FIG. 41A is an exploded front view showing another con-
figuration of the main components of the reflection sheet and
FIG. 41B shows a further configuration of the main compo-
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nents of the reflection sheet and is a front view of it in con-
dition where it is shaped like a case. This light source device
has a lock convex portion and a lock recess for locking this
lock convex portion formed at a corner of a frame portion 52
instead of using double-faced tape as a binding member for
biding the corners of the frame portion.

A roughly V-shaped defect portion 57 is formed at the
corner 52a of the frame portion 52 so that when the four frame
portions 52 continuing to the four sides of a flat portion 51 at
afirst fold 56 are obliquely folded with respect to a flat portion
51, two edges 57a, 57a of the defect portion 57 may agree and
this agreement condition may be held by the lock convex
portion 59« and the lock recess 5964.

The lock convex portion 594 has a retaining lock portion
formed at its tip. The lock recess 595 is formed as a slit, so that
ifthe lock convex portion 59a is fitted into the lock recess 595,
the condition in which the two edges 57a, 57a of the defect
portion 57 agree with each other is held as shown in FIGS.
40A and 40B.

The other configurations and operations are almost the
same as those of the embodiment 1-1, so that identical refer-
ence numerals are given to identical components, and
detailed description on the identical components and that on
the operations and effects will be omitted.

Embodiment 1-5

FIGS. 42 and 43 are plan views showing other configura-
tions of the reflection sheet included in the light source device
according to the present invention. This light source device
has a roughly V-shaped defect portion 57 divergent from a
corner 51a at a corner 52a of a frame portion 52 on the
reflection sheet 5 (B5) so that when the four frame portions 52
continuing the four sides of a flat portion 51 at a first fold 55
are folded obliquely with respect to the flat portion 51, two
edges 57b, 57b of the defect portion 57 may overlap in the
thickness direction.

The edges 575 of the short frame portion 524 of the four
frame portions 52 lap over the long frame portion 52¢ as
shown in FIG. 42 and the edges 575, 575 of the long frame
portion 52¢ of the four frame portions 52 lap over the short
frame portion 525 as shown in FIG. 43 so that no gap may
occur between the corners 52a of the frame portion 52.

The other configurations and functions are almost the same
as those of the embodiment 1-1, so that identical reference
numerals are given to identical components, and detailed
description on the identical components and that on the func-
tions and effects will be omitted.

Although the embodiment 1 have used double-faced tape
as the binding member for binding the corners 52a of the
frame portion 52, it may be replaced by single-sided tape or
clips. The corners 52a of the frame portion 52 may be bound
by adhesive agent and the binding means is not limited in
particular.

Embodiment 2-1

FIG. 44 is a partially enlarged schematic cross-sectional
view illustrating a structure of a light source device in accor-
dance with the present invention, FIG. 45 is a plan view that
illustrates the light source device one portion of which is
omitted, FIG. 46 is a schematic perspective view that illus-
trates one disassembled portion of the light source device,
FIG. 47 is a plan view that illustrates the structure from which
areflection sheet is omitted, FIG. 48 is a perspective view that
illustrates a structure of a light-emitting diode substrate to
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which lenses are attached, and FIG. 49 is a perspective view
that illustrates a structure of a connector.

The illustrated light source device (B), which has a display
surface on the front side, and is attached to the rear side of a
display unit (A) of a thin display device provided with the
display unit having a substantially rectangular parallelepiped
shape, has a structure provided with a plurality of light-emit-
ting diodes 1 (B1) that are arranged in a diced pattern and
serve as light sources, a plurality of light-emitting diode sub-
strates 2 (B3) having one surface 2a on which the light-
emitting diodes 1 are assembled, which are arranged side by
side into a plurality of rows, a plurality of connectors 3 (B4)
that connect the adjacent light-emitting diode substrates 2
mutually with each other, a plurality of lenses 4 (B2) that are
attached to the one surface 2a of each of the light-emitting
diode substrates 2 so as to be opposed to top portions of the
light-emitting diodes 1 in such a manner so as to diverge light
emitted by the light-emitting diode 1, a reflection sheet 5 (B5)
that has through holes 51 (B53) in which the lenses 4 are
disposed, and is opposed to the one surface 2a and one surface
of the connector 3 in such a manner as to reflect the light
diverged by the lenses 4, and a support body 6 (B6) on which
the light-emitting diode substrates 2 are arranged into a plu-
rality of lines and supported.

Each of the light-emitting diode substrates 2 has a stripe
pattern, with a circuit portion formed on each of the one
surface 2a, and a plurality of those substrates are arranged
into a plurality of lines on one surface 6a of the support body
6 having the rectangular parallelepiped shape, while being
respectively spaced from one another in its longitudinal direc-
tion as well as in its width direction. On one of the surfaces 2a
of each light-emitting diode substrate 2, a plurality of light-
emitting diodes 1 are assembled in a manner so as to be
spaced from one another in the length direction, as shown in
FIG. 47, and connecting portions 21 and 22 are formed on the
two ends in the length direction of the one surface 2a.

In the light-emitting diode substrates 2 arranged into a
plurality of lines, with one end thereof facing another
opposed end in the length direction, the light-emitting diode
substrates 2 of each line are connected to each other, with the
adjacent two connecting portions 21, 21 being connected with
each other by the connector 3, and the connecting portion 22
of one of the light-emitting diode substrates 2 is connected to
a power supply circuit board by a second connector (B41),
with a short connector being connected to a connecting por-
tion 22 of the other light-emitting diode substrate 2.

The connector 3 has a substantially rectangular parallel-
epiped shape with a plug 31 to be connected to one of the
connecting portions 21, 21 and a receptacle 32 to be con-
nected to the other connecting portion 21, such that, when
connected to the connecting portions 21, 21, the other surface
is joined onto one surface 2a of the light-emitting diode
substrate 2, with the connector 3 being allowed to protrude
from the one surface.

The reflection sheet 5 having a highly reflective property,
which is composed of one sheet of synthetic resin sheet hav-
ing a rectangular shape in association with the support mem-
ber 6, has a structure in which two slits 52, 52 (B56, B59) that
are separated from each other in a direction along the sheet
surface so as to be opposed to each other, and formed at
portions facing the outer edge of the connector 3, with a
portion between the slits 52, 52 being formed as a bias portion
53 that can be biased in a thickness direction. Moreover, the
reflection sheet 5 is provided with through holes 51 formed at
portions corresponding to the lenses 4.

FIG. 50 is an enlarged plan view that illustrates a portion of
the reflection sheet that is opposed to the connector, and FIG.
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51 is an enlarged perspective view that shows a state in which
the portion of the reflection sheet facing the connector is
biased in a thickness direction. The two slits 52 (B59) are
formed into a U-letter shape by long sides 52a, 52a that are
spaced from each other in directions along the sheet surface,
and opposed to each other, and two short sides 525, 525 that
are directed toward sides that make separated distances from
the two ends of the long sides 52a, 524 shorter, and non-slit
portions 52¢, 52¢ between the two ends of the slits 52, 52 are
connected to the bias portion 53 between the slits 52, 52 so
that the bias portion 53 can be biased in a thickness direction
from the non-slit portions 52¢, 52¢ serving as starting por-
tions of the bias.

Between the two slits 52, 52, two second slits 54, 54 having
a substantially U-letter shape are formed such that long sides
54a, 54a in the center are separated from short sides 524, 525
and opposed thereto, with short sides 545, 545 on the two
ends being separated from the long sides 52a, 524 and
opposed thereto. The second slits 54, 54 have such a structure
that non-slit portions 54¢, 54¢ between the two ends are
connected to the center portion of the long sides 52a, 524 so
that the bias portion 53 is biased in a thickness direction from
the non-slit portions 54¢, 54c¢ serving as starting portions of
the bias.

Between the two second slits 54, 54, two third slits 55, 55
having a substantially U-letter shape are formed such that
long sides 554 in the center are separated from short sides
54b, 54b, and opposed thereto, with short sides 556, 556 on
the two ends being separated from the long sides 54a, 54a,
and opposed thereto. The third slits 55, 55 have such a struc-
ture that non-slit portions 55¢, 55¢ between the two ends are
connected to the center portion of the long sides 54¢ so that
the bias portion 53 is biased in a thickness direction from the
non-slit portions 55¢, 55¢ serving as starting portions of the
bias.

The through holes 51, each having a round shape with a
diameter slightly larger than that of the lens 4, are disposed in
a diced pattern, with the lenses 4 being disposed therein.

As illustrated in FIG. 48, five or six of the light-emitting
diodes 1 are assembled in the length direction of the light-
emitting diode substrate 2, in a manner so as to be spaced
apart from each other, and five or six of the lenses 4 are
attached to the one surface 2a thereof with an adhesive in
association with the respective diodes 1.

Each lens 4, which is spaced from the top portion of the
light-emitting diode 1 to be opposed thereto, has a translucent
portion 41 having a hemispheric recess used for diverging
light emitted by the light-emitting diode 1 in all directions,
and three positioning protrusions 42 that protrude from the
surface of the translucent portion 41 opposed to the one
surface 2a toward the light-emitting diode substrate 2, so as to
determine the position of the translucent portion 41 relative to
the light-emitting diode substrate 2, with the tip of each
positioning projection 42 being attached to the one surface 2a
with an adhesive agent.

The positioning projections 42 are used for placing the
translucent portion 41 on an upper side from the reflection
sheet 5, that is, for placing the reflection sheet 5 on the
light-emitting diode substrate 2 side rather than on the trans-
lucent portion 41 side, and the distance between the translu-
cent portion 41 and the light-emitting diode substrate 2 is
consequently made slightly longer than the thickness of the
reflection sheet 5 such a manner that a slight space is gener-
ated between the lower surface of the translucent portion 41
and the one surface of the light-emitting diode substrate 2 so
that, even when the reflection sheet 5 is thermally expanded
by heat generated upon light emission of the light-emitting
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diode 1, the expansion of the reflection sheet 5 due to this
thermal expansion is permitted so as not to cause wrinkles on
the reflection sheet 5.

The support body 6 is formed by processing a metal plate,
and has a flat plate portion 61 having substantially a rectan-
gular shape and a frame portion 62 that is connected to the
peripheral edge of the plate portion 61, and on one surface 6a
of the plate portion 61, the light-emitting diode substrates 2
are housed to be supported thereon side by side in the length
direction, as well as in the width direction.

Onto one of the sides in the length direction on the other
surface of the plate portion 61, a power supply circuit board to
be connected to the second connecting portion 22 of the
light-emitting diode substrate 2 by a second connector is
attached, and onto the other side in the length direction, a
control circuit board, which carries out driving and control-
ling operations on the display unit, is attached. Moreover, a
signal processing circuit board, which processes image sig-
nals to be displayed on the display surface of the display unit,
is attached to the center portion in the length direction of the
other surface of the plate portion 61.

In the light source device having the above-mentioned
structure, the support body 6 is mounted on a work bench with
its open side facing up, and sets of two light-emitting diode
substrates 2 that are adjacent to each other in the line direc-
tion, are arranged in a plurality of lines, on the one surface 6a
of the plate portion 61 in the support body 6, with the con-
nector 3 being connected to the connecting portions 21, 21
formed on the adjacent end portions of adjacent light-emit-
ting diode substrates 2 on the respective lines, and reflection
sheets 5 are mounted on the respective surfaces of the light-
emitting diode substrates 2 on the respective lines so as to be
opposed thereto. The biasing portion 53 between the slits 52,
52 of the reflection sheet 5 is opposed to the other surface of
the connector 3 so as to cover the connector 3 so that the lens
4 is fitted to each of the through holes 51 of the reflection sheet
5.

In this case, on each of the adjacent light-emitting diode
substrates 2 on the respective lines, the connecting portions
21 and 22 are formed, with the connector 3 connected to the
connecting portion 21 being overlapped with the one surface
2a, and since the connector 3 protrudes from the one surface
2a, the bias portion 53 of the reflection sheet 5, opposed to one
of the surfaces of the connector 3, that is, in other words, the
portion covering the connector 3, is gradually biased in the
thickness direction starting from the non-slit portions 52c,
52c, the non-slit portions 54¢, 54¢ and the non-slit portions
55¢, 55¢, serving as starting points. In this manner, since
portions of the reflection sheet 5 opposed to the connector 3
are gradually biased by the slits 52, 52, the second slits 54, 54
and the third slits 55, 55, it is possible to enhance the light
reflectance of light emitted from the light-emitting diode 1
and reflected in a direction orthogonal to the sheet surface,
and consequently to uniform its luminance.

FIG. 52 is a cross-sectional view that illustrates a structure
of a display device provided with a light source device in
accordance with the present invention. This display device
has a display unit 70 (A) having a display surface for use in
displaying a television image thereon on its front side, a light
source device A (B) placed on the rear side of the display unit
70, and a cabinet 71 (D) that conceals the peripheral portion
of the display unit 70 and the rear side of the light source
device A.

The display unit 70 has a display panel 72(A1) having a
display surface and an optical sheet 73(C) that is placed on the
rear side of the display panel 72. The peripheral edge portion
of the display panel 72 is sandwiched by a front-holding

10

40

45

55

36
frame 74 (A2) and a rear-holding frame 75 (A3) in a front to
rear direction to be held therein so that a panel module is
formed, with the rear-holding frame 75 being attached to the
peripheral edge portion of the support body 6.

The optical sheet 73 is a laminated sheet formed by stack-
ing a diffusion plate having a comparatively high thickness
that diffuses light emitted by the light-emitting diode 1 as a
light source, and synthesized resin sheets having compara-
tively low thicknesses, such as a reflective polarizing plate, a
prism sheet and a diffusion sheet.

The support body 6 is provided with a plate portion 61 and
a frame portion 62 that is connected with the peripheral edge
of the plate portion 61, and supports the peripheral edge
portion of the diffusion plate on the frame portion 62.

The cabinet 71 is provided with a cabinet front divided unit
71a (D1) that conceals the peripheral edge portion on the
front side of the display unit 70, and a cabinet rear divided unit
716 (D2) having a deep dish shape so as to conceal the
peripheral edge portion and the rear side of the light source
device A, and is attached to the frame portion 62 of the
support member 6 with male screws.

Embodiment 2-2

FIG. 53 is an enlarged plan view that illustrates another
structure of the slit portions of a reflection sheet that is
installed in the light source device. In this light source device,
instead of forming the two slits 52, 52 of the reflection sheet
5 into a substantially U-letter shape, slits 56, 56 having a
substantially L-letter shape by long sides 56a, 56a that are
spaced from each other in directions along the sheet surface
and two short sides 565, 565 each of which is directed from
one end of each of the long sides 56a, 564 toward the side that
makes the spaced distance shorter, and the slits 56, 56 are
placed to be opposed to each other, with the respective long
sides 56a, 56a and the respective short sides 565, 565 being
mutually opposed to each other so as to form a substantially
square shape. The slits 56, 56 are arranged such that non-slit
portions 56¢, 56¢ between the respective ends are connected
to a bias portion 53 between the slits 56, 56 so that the bias
portion 53 can be biased in a thickness direction from the
non-slit portions 56¢, 56¢ serving as starting points.

Between the two slits, two slits 57, 57, each having a
substantially L-letter shape, which are placed so as to be
opposed to each other, with the respective long sides 57a, 57a
and the respective short sides 575, 57b being mutually made
to form a substantially square shape, are formed with an
opening, with the respective corner portions being opposed to
the non-slit portions 56¢, 56¢ between the respective two ends
of the slits 56, 56. The slits 57, 57 are arranged such that
non-slit portions 57¢, 57¢ between the respective two ends are
connected to a center portion between the slits 56, 56 so that
the bias portion 53 can be biased in a thickness direction from
the non-slit portions 57¢, 57¢ serving as starting points.

In the present embodiment, the bias portion 53 of the
reflection sheet 5, opposed to the connector 3, is gradually
biased in a thickness direction from the non-slit portions 56c,
56¢ and the non-slit portions 57¢, 57¢ serving as starting
points. Since portions of the reflection sheet 5, opposed to the
connector 3, are gradually biased by the slits 56, 56 and the
slits 57, 57, it is possible to enhance the light reflectance of
light emitted from the light-emitting diode 1 and reflected in
a direction orthogonal to the sheet surface, and consequently
to uniform its luminance.

Since the other structures and functions are the same as
those of the embodiment 2-1, the same parts are indicated by
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the same reference numerals, and the detailed description
thereof and the explanation of the functions and effects will
be omitted.

Embodiment 2-3

FIG. 54 is a plan view that illustrates another structure of
the slit portions of a reflection sheet that is installed in the
light source device. In this light source device, instead of
forming the two slits 52, 52 of the reflection sheet 5 into a
substantially U-letter shape, or instead of forming the slits 56,
56 thereof into a substantially L-letter shape, paired slits 58,
58 (B56), which are spaced from each other in the direction
along the sheet surface, and opposed to each other in parallel,
are prepared, and the paired slits 58, 58 are separated from
each other in the parallel arranging direction of light-emitting
diode substrates 2 that are parallel arranged into a plurality of
lines (in a direction orthogonal to the line, or an intersecting
direction) so that the opposing direction is alternately made
different. In other words, portions opposed to the connector 3
to be connected to the light-emitting diode substrate 2 on one
line are separated from each other in the line direction so as to
be opposed to each other, while portions opposed to the
connector 3 to be connected to the light-emitting diode sub-
strate 2 on the adjacent line are separated from each other in
the direction orthogonal to the line direction, so that the
paired slits 58, 58 that are opposed to each other in these
different directions are alternately placed with the parallel
arranged interval of the plurality of lines. In the case when the
opposing direction of the paired slits 58, 58 that are separated
from each other in the parallel arranging direction of the
light-emitting diode substrates 2 is the same, the paired slits
58, 58 are arranged in parallel with each other such that the
non-slit portions 58a, 58a between the slits 58, 58 are set in
the same direction, with the result that the dispersing property
ofreflected light at the bias portion is lowered; however, in the
case when the paired slits 58, 58 are alternately placed with
the parallel arranged interval of the plurality of lines, the
dispersing property of reflected light at the bias portion can be
improved so that the luminance characteristic can be appro-
priately maintained.

The two slits 58, 58 that are opposed in parallel with each
other are biased in the thickness direction from the non-slit
portions 58a, 58a between the two ends of the slits 58, 58
serving as starting points. The adjacent two slits 58, 58 have
their non-slit portions 58a, 58a arranged in the orthogonal
direction.

In this embodiment, even when the number of parallel
arranged light-emitting diode substrates 2 parallel placed into
a plurality of lines is comparatively high, that is, even when
the number of parallel arranged connectors 3 is high, the
degree of slant due to the biased portion opposed to each
connector 3 can be made smaller so that it becomes possible
to enhance the light reflective property in a direction orthogo-
nal to the sheet surface, and consequently to maintain the
luminance property appropriately.

Since the other structures and functions are the same as
those of the embodiment 2-1, the same parts are indicated by
the same reference numerals, and the detailed description
thereof and the explanation of the functions and effects will
be omitted.

Embodiment 2-4

FIG. 55 is a plan view that illustrates another structure of
the slit portions of a reflection sheet that is installed in the
light source device. In this light source device, instead of
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forming bias portions 53 by using slits that are spaced from
each other and opposed to each other, each bias portion 53 is
formed by using a slit 59 having a spiral shape.

The slit 59 has a spiral shape from its starting point to its
end point, and is designed so that, when made in contact with
the connector 3, the gap between the two ends of the slit 59 is
gradually biased as a whole.

Since the other structures and functions are the same as
those of embodiment 2-1, the same parts are indicated by the
same reference numerals, and the detailed description thereof
and the explanation of the functions and effects will be omit-
ted.

Embodiment 2-5

FIG. 56 is a plan view that illustrates another structure of
the slit portions of a reflection sheet that is installed in the
light source device. In this light source device, instead of
forming the bias portion 53 by using a slit 59 having a round
spiral shape, each bias portion 53 is formed by using a slit 50
having a substantially square spiral shape.

The slit 50 has a substantially square spiral shape from its
starting point to its end point, and is designed so that, when
made in contact with the connector 3, the gap between the two
ends of the slit 50 is gradually biased as a whole.

In this embodiment, even when the number of parallel
arranged light-emitting diode substrates 2 parallel placed into
a plurality of lines is comparatively high, that is, even when
the number of parallel arranged connectors 3 is high, the
spaced distance between the slits 50 can be ensured so that the
number of arranged slits 50 is increased.

Since the other structures and functions are the same as
those of the embodiment 2-1, the same parts are indicated by
the same reference numerals, and the detailed description
thereof and the explanation of the functions and effects will
be omitted.

Embodiment 2-6

FIG. 57 is a plan view that illustrates another structure of
the slit portions of a reflection sheet that is installed in the
light source device. In this light source device, instead of
providing the structure in which the two slits 52, 52, each
having a substantially U-letter shape, are opposed to each
other, with the two ends thereof being close to each other, one
of'two slits 52, 52, each having a substantially U-letter shape,
is biased in a direction intersecting the opposing direction of
the slits 52, 52, so that short sides 5256, 5256 of the two ends of
the respective slits 52, 52 are separated in a direction inter-
secting the opposing direction so as to be opposed to each
other.

The short sides 525, 525 of the two ends of the two slits 52,
52 are opposed to the two corner portions of the respective
slits 52, 52, with non-slit portions 52¢, 52¢ between the two
ends of the two slits 52, 52 and the two corner portions of the
slits 52,52 are connected to a bias portion 53 between the slits
52, 52 so that the bias portion 53 can be biased in the thickness
direction from the non-slit portions 52¢, 52¢ serving as start-
ing points.

In this embodiment, since the bias portion 53 is located
between the slits 52, 52 each having a substantially U-letter
shape so that the distance between the non-slit portions 52c,
52c¢ can be made comparatively longer, the bias portion 53 of
the reflection sheet 5 that is opposed to the connector 3 can be
gradually biased in the thickness direction from the non-slit
portions 52¢, 52¢ serving as starting points. In this manner,
since the portion opposed to the connector 3 of the reflection
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sheet 5 is gradually biased along a comparatively long dis-
tance between the non-slit portions 52¢, 52¢, it becomes
possible to enhance the light reflective property of light that is
emitted by the light-emitting diode 1 and reflected in a direc-
tion orthogonal to the sheet surface, and consequently to
uniform the luminance.

Since the other structures and functions are the same as
those of the embodiment 2-1, the same parts are indicated by
the same reference numerals, and the detailed description
thereof and the explanation of the functions and effects will
be omitted.

In the above-mentioned embodiments 2-1 to 2-6, as shown
in FIGS. 45 and 46, bias portions 53, prepared by the slits 52
or the like, are placed on all the portions in association with
the number of parallel arranged light-emitting diode sub-
strates 2 that are parallel arranged into a plurality of lines;
however, in addition to this structure, the bias portion 53 may
be arranged as shown in FIGS. 58 and 60, or as shown in FI1G.
59, another structure may be proposed in whichin place of the
bias portions 53, through holes may be formed by omitting
the bias portions 53. FIGS. 58 to 60 are perspective views that
show another structure of a reflection sheet. In FIG. 58, bias
portions 53, prepared by the slits 52 or the like, are placed
only on portions corresponding to the light-emitting diode
substrates 2 on the two ends in the parallel arranging direction
of the light-emitting diode substrates 2 that are parallel
arranged into a plurality of lines. In FIG. 59, through holes 59
each of which is larger than the connector are placed only on
portions corresponding to the light-emitting diode substrates
2 on the two ends in the parallel arranging direction of the
light-emitting diode substrates 2 that are parallel arranged
into a plurality of lines. In FIG. 60, through holes 59 each of
which is larger than the connector are placed on portions
corresponding to the light-emitting diode substrates 2 on the
two ends in the parallel arranging direction of the light-emit-
ting diode substrates 2 that are parallel arranged into a plu-
rality of lines, and bias portions 53, prepared by the slits 52 or
the like, are placed on portions corresponding to the light-
emitting diode substrates 2 that are adjacent to the light-
emitting diode substrates 2 on the two ends in the parallel
arranging direction. In the embodiments of FIGS. 58 and 60,
since the connector is disposed within the bias portion 53, the
reflection sheet 5 can be properly positioned relative to the
support body 6 so that it becomes possible to prevent the
reflection sheet 5 from being deviated. In the embodiment of
FIG. 59, since the connector is disposed within the through
hole 59, the reflection sheet 5 can be properly positioned
relative to the support body 6 so that it becomes possible to
prevent the reflection sheet 5 from being deviated.

Embodiment 3-1

FIG. 61 is a longitudinal cross-sectional view that sche-
matically illustrates a display device.

In this figure, reference numeral 1 represents a display
panel (A1) that is provided with liquid crystal and has a
rectangular shape, and the display panel 1 is designed so that
by controlling a voltage to be applied to the liquid crystal, the
transmittance of light is adjusted to display an image. The
display panel 1 is supported by a front-holding frame 2 (A2)
and a rear-holding frame 3 (A3) at its peripheral edge portion,
and housed in a front cabinet 4 (D1) having a rectangular
frame shape. The front cabinet 4 is disposed on the periphery
of'the front-holding frame 2 and the rear-holding frame 3. The
front cabinet 4 is provided with an opening having a rectan-
gular shape, and the dimension of the opening corresponds to
the dimension of the display panel 1. On the rear side of the
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display panel 1, a plurality of optical sheets 5(C) that con-
verge light of an LED 9 (light-emitting element) to be
described later toward the display panel 1 are installed.

On the rear side of the optical sheets 5(C), a diffusion plate
6 that uniformly diffuses light of the LED 9 (B1) is installed.
The diffusion plate 6 is supported by an edge portion of a
support plate 7 (B6) having a deep dish shape. A plurality of
LED substrates 8 (B3) are arranged in parallel with one
another on the front surface of'the support plate 7 (B6), and on
the rear surface of each of the LED substrates 8, a film-shaped
heat radiating pattern (not shown), made of a thermal con-
ductive material, such as a metal material, is formed so that
heat generated in the LED substrate 8 due to lighting-on of the
LED 9 is radiated from the heat radiating pattern to the sup-
port plate 7 so that the heat radiating property of the LED
substrates 8 can be improved.

On the front surface of each of the LED substrates 8, a
plurality of LEDs 9,9, ..., 9 (B1) are assembled, and lenses
10, 10, . . . 10 (B2) for use in diffusing light are respectively
arranged on the front sides of the respective LEDs 9,9, ...,
9. Three protrusions 10a (B22), which protrude toward the
LED substrate 8 side, are disposed side by side in a circum-
ferential direction on the peripheral edge portion of the lens
10, and the tip of each protrusion 10« is attached to the front
surface of each LED substrate 8 by an adhesive agent.

On the right and left sides of the support plate 7, supporting
bases (not shown) for supporting a reflection sheet 11 (B5)
having a deep dish shape are installed separately. A plurality
of sheet holes 11a (B53) to which the lenses 10 are inserted
are formed on the bottom surface of the reflection sheet 11.
Each of the lenses 10 is allowed to protrude to the front side
through the sheet hole 11a.

A rear cabinet 12 (D2) having a deep dish shape is installed
on the rear side of the support plate 7. The longitudinal and
lateral dimensions of the rear cabinet 12 are substantially the
same as the longitudinal and lateral dimensions of the front
cabinet 4, and the edge portion of the rear cabinet 12 and the
edge portion of the front cabinet 4 are opposed to each other.
An engaging convex portion and an engaging recess, not
shown, are respectively formed on the edge portions of the
front cabinet 4 and the rear cabinet 12 so that by engaging the
engaging convex portion and the engaging recess with each
other, the front cabinet 4 is secured to the rear cabinet 12.
Additionally, a plurality of circuit boards (not shown), such as
a control circuit board for use in driving and controlling the
display panel 1 and a signal processing circuit board foruse in
processing an image signal for displaying an image on the
display surface of the display panel 1, are housed in the rear
cabinet 12, and based upon output signals from the circuit
boards, the display panel 1 can be driven.

FIG. 62 is a front view that schematically illustrates the
LEDs 9 and the LED substrates 8 on which reflection sheets
are formed, and FIG. 63 is a cross-sectional view taken along
I-1 of FIG. 62, which schematically illustrates rivets.

On each LED substrate 8 (B3), a plurality of substrate holes
8a (B33, B34) are formed side by side with equal intervals in
the longitudinal direction of the LED substrate 8. On the
support plate 7 (B6), as shown in FIG. 63, a plurality of
through holes 7a (B64) are formed at positions corresponding
to the substrate holes 8a. The diameter of each through hole
7ais substantially equal to the diameter of each substrate hole
8a. On the reflection sheet 11 (B5), insertion holes 115 (B54)
are formed at positions corresponding to the substrate holes
8a, and each insertion hole 115 has a diameter larger than that
of the substrate hole 8a.
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As shown in FIG. 62, rivets 20 (B7) made from a synthetic
resin, positioning rivets 30 and supporting rivets 40 (B8) are
respectively attached between the respective lenses.

For use in the substrate holes 8a and through holes 7a, for
example, metal rivets may be used instead of the rivets 20
made from synthetic resin; however, rivets 20 made from a
carbon material may be inserted therein so that the LED
substrates 8 may be secured onto the support plate 7 by the
rivets 20. Each of the rivets 20 made from synthetic resin is
composed of a reception rivet 22 (B71) and an insertion rivet
21 (B72).

The reception rivet 22 is provided with an engaging stop
portion 22a (B71a) having a ring shape whose diameter is
larger than the diameter of each substrate hole 8a, and the
outer circumferential portion of the engaging stop portion
22a is engaged with the edge of the substrate hole 8a on the
inside of the insertion hole 115 located outside of the sub-
strate hole 8a, and stopped therein. A plurality of elastic
portions 224 are arranged side by side in the circumferential
direction on the inner circumferential portion of the engaging
stop portion 22a. The elastic portions 226 are allowed to
protrude in the axis direction of the engaging stop portion 22a
so as to be inserted through the substrate hole 8a and the
through hole 7a. The dimension in the axis direction of each
elastic member 225 is made larger than the dimension in the
axis direction of the substrate hole 84 and the through hole 7a,
and the protruding tip of each of the elastic portions 225 is
extended in the axis direction from the through hole 7a.

The protruding tip of each of the elastic portions 2254 is
provided with a contact portion 22¢ that is extended inward in
the radial direction of the engaging stop portion 224 so as to
be integrally formed together with each elastic portion 225,
and a gap (B7156) is formed between the contact portions 22¢,
22c.

A leg portion 215 to be described later is made in contact
with the inside of the contact portion 22¢, and the elastic
portion 225 is consequently curved outward by the contact
with the leg portion 215 so that the elastic portion 225 is made
in contact with the edge portion of the through hole 7a. For
this reason, the LED substrate 8 and the support plate 7 are
sandwiched between the engaging stop portion 22a and the
elastic portion 225 from the front and rear sides.

The insertion rivet 21 is provided with a head portion 21a
(B72a) having a diameter larger than that of the insertion hole
114, and in the center of the head portion 21a, a column
shaped leg portion 215, which makes right angles with the
head portion 21a, is formed. The tapered portion 21ba is
formed on the tip of the leg portion 215 so that the diameter of
the leg portion 215 becomes gradually smaller toward the tip.
The diameter of the leg portion 215 near the head portion 21a
has substantially the same size as the inner diameter of the
engaging stop portion 224 so as to be greater than the dimen-
sion between the contact portions 22¢ in the case when no leg
portion 215 is inserted therein. Additionally, the edge portion
of'the head portion 21a is extended toward the leg portion 215
side, and the extending width of the edge portion of the head
portion 21a becomes smaller than the dimension in the axis
direction of the engaging stop portion 224, that is, the thick-
ness dimension of the engaging stop portion 22a.

The leg portion 215 of the insertion rivet 21 is inserted into
the engaging stop portion 22a so that the tip portion of the leg
portion 215 is inserted into a gap between the contact portions
22c¢. Since the tapered portion 21ba is formed on the tip
portion ofthe leg portion 215, the gap is pushed to be widened
by the insertion of the leg portion 215. The elastic portion 226
is curved outward to be made in contact with the edge portion
of the through hole 7a.
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The head portion 21a is made in contact with the engaging
stop portion 22a, and the head portion 21a is not made in
contact with the reflection sheet 11. A slight gap is prepared
between the edge portion of the head portion 21a extended
toward the leg portion 215 side and the reflection sheet 11 so
that, even when the reflection sheet 11 is thermally expanded
by light emitted by the LED 9, the extension and contraction
of the reflection sheet 11 due to the thermal expansion is
permitted so as not to cause wrinkles on the reflection sheet
11. The reflection sheet 11 is held by the edge portion of the
head portion 21a so that the reflection sheet 11 is prevented
from being biased in the thickness direction. The support
plate 7 and the LED substrate 8 are sandwiched by the elastic
portion 225 and the engaging stop portion 22a with an appro-
priate pressure so that the LED substrate 8 and the support
plate 7 are tightly made in contact with each other.

The following description will discuss the positioning rivet
30. FIG. 64 is a cross-sectional view taken along line II-1I of
FIG. 62 that schematically illustrates the positioning rivet 30.
Positioning holes 76 and 86 (B60, B35) are respectively
formed at corresponding positions of the support plates 7 and
the LED substrates 8, and the respective positioning holes are
respectively adjacent to the through holes 7a and the substrate
holes 8a. The respective positioning holes are coaxially dis-
posed with the support plates 7 and the LED substrates 8.

As shown in FIG. 62, insertion holes 11¢ (B57), each
having a keyhole shape, with one portion of its circle
extended outward, are formed on the reflection sheet 11, and
the through hole 7a and the substrate hole 8a are located
within the circle of the insertion hole 11¢. The positioning
holes 7b and 8b are located at the extended portion of the
insertion hole 11c¢. The width dimension of the extended
portion of the insertion hole 11¢ is made slightly larger than
each of the positioning holes 76 and 84. The positioning rivets
30 (B7, B73) are inserted through the through holes 7a and
substrate holes 84, as well as through the positioning holes 76
and 8b.

Each of the positioning rivets 30 is provided with a recep-
tion rivet 22 (B71) and an insertion rivet 31 (B72). Addition-
ally, the reception rivet 22 of the positioning rivet 30 has the
same structure as that of the reception rivet of the aforemen-
tioned rivet 21, and is indicated by the same reference
numeral, and the detailed description thereof will be omitted.

The insertion rivet 31 is provided with a head portion 31a
(B72a) having a diameter larger than that of the insertion hole
11¢, and the head portion 31a has an elliptical shape. A
column shaped leg portion 315, which makes right angles
with the head portion 31a, is formed on one end of the head
portion 31a. A tapered portion 31ba is formed on the tip of the
leg portion 315 so that the diameter of the leg portion 315
becomes gradually smaller toward the tip. The diameter of the
leg portion 315 near the head portion 31a has substantially the
same size as the inner diameter of the engaging stop portion
22a so0 asto be greater than the dimension between the contact
portions 22¢ in the case when no leg portion 315 is inserted
therein. A column shaped positioning portion 31c (B73),
which makes right angles with the head portion 31a, is
formed on the other end of the head portion 31a. The diameter
of the positioning portion 31c¢ is slightly smaller than the
diameter of the positioning holes 76 and 8b6. The dimension
between the positioning portion 31c¢ and the leg portion 315 is
substantially the same as the dimension between the through
hole 7a as well as the substrate hole 8¢ and the positioning
holes 7b, 85. Additionally, the edge portion of the head por-
tion 31a is extended toward the leg portion 315 side, and the
extending width of the edge portion of the head portion 31a
becomes smaller than the dimension in the axis direction of
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the engaging stop portion 224, that is, the thickness dimen-
sion of the engaging stop portion 22a.

The positioning portion 31¢ is inserted into the positioning
hole 76 or 85, and in the case when the reflection sheet is
shifted in the width direction of the extended portion of the
insertion hole 11¢, since the positioning portion 31¢ and the
edge of the extended portion of the insertion hole 11c¢ are
made in contact with each other, the reflection sheet is prop-
erly positioned.

The leg portion 315 of the insertion rivet 31 is inserted into
the engaging stop portion 22a, and the tip portion of the leg
portion 315 is inserted into a gap between the contact portions
22c¢. A tapered portion 31ba is formed on the tip of the leg
portion 315 so that the gap is pushed and widened by the
insertion of the leg portion 315. The elastic portion 225 is
curved outward to be made in contact with the edge portion of
the through hole 7a.

The head portion 31« is made in contact with the engaging
stop portion 22a, and the head portion 31a is not made in
contact with the reflection sheet 11, with a slight gap being
prepared between the head portion 31a¢ and the reflection
sheet 11 so that, even when the reflection sheet 11 is thermally
expanded by light emitted by the LED 9, the extension and
contraction of the reflection sheet 11 due to the thermal
expansion is permitted so as not to cause wrinkles on the
reflection sheet 11. The reflection sheet 11 is pressed by the
edge portion of the head portion 31a. The support plate 7 and
the LED substrate 8 are sandwiched by the elastic portion 226
and the engaging stop portion 224 with an appropriate pres-
sure so that the LED substrate 8 and the support plate 7 are
tightly made in contact with each other.

The following description will discuss the supporting rivet
40.FIG. 65 is a cross-sectional view taken along line III-I1 of
FIG. 62 that schematically illustrates the supporting rivet 40.

The supporting rivet 40 (B8) is provided with a reception
rivet 22 (B81) and an insertion rivet 41 (B82). Additionally,
the reception rivet 22 of the supporting rivet 40 has the same
structure as that of the rivet 21 or the reception rivet of the
positioning rivet so that it is indicated by the same reference
numeral and the detailed description thereof will be omitted.
As shown in FIG. 62, insertion holes 11d (B55) are formed on
the reflection sheet 11 at positions corresponding the sub-
strate holes 8a (B65), and each insertion hole 114 has a
diameter larger than that of the substrate holes 8a (B65).

The insertion rivet 41 is provided with a head portion 41a
(B82a) having a diameter larger than that of the insertion hole
11d, and in the center of the head portion 41a, a column
shaped leg portion 415, which makes right angles with the
head portion 414, is formed. A tapered portion 41ba is formed
on the tip of the leg portion 415 so that the diameter of the leg
portion 415 becomes gradually smaller toward the tip. The
diameter of the leg portion 415 near the head portion 41a has
substantially the same size as the inner diameter of the engag-
ing stop portion 22a so as to be greater than the dimension
between the contact portions 22¢ in the case when no leg
portion 415 is inserted therein. Additionally, the edge portion
of'the head portion 41a is extended toward the leg portion 415
side, and the extending width of the edge portion of the head
portion 41a becomes smaller than the dimension in the axis
direction of the engaging stop portion 224, that is, the thick-
ness dimension of the engaging stop portion 22a.

From the center of the head portion 41a on the side oppo-
site to the engaging stop portion 224, a cone-shaped support
portion 41¢ (B83) having its tip formed into a curved surface
is extended in the axis direction. The support portion 41c¢
supports the diffusion plate 6.
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The leg portion 415 of the insertion rivet 41 is inserted into
the engaging stop portion 22a so that the tip portion of the leg
portion 415 is inserted into a gap between the contact portions
22c. Since the tapered portion 41ba is formed on the tip
portion of the leg portion 414, the gap is gradually pushed to
be widened by the insertion of the leg portion 415. The elastic
portion 225 is curved outward to be made in contact with the
edge portion of the through hole 7a.

The head portion 41a is made in contact with the engaging
stop portion 22a, and the head portion 41a is not made in
contact with the reflection sheet 11, with a slight gap being
prepared between the head portion 41a and the reflection
sheet 11 so that, even when the reflection sheet 11 is thermally
expanded by light emitted by the LED 9, the extension and
contraction of the reflection sheet 11 due to the thermal
expansion is permitted so as not to cause wrinkles on the
reflection sheet 11. The reflection sheet 11 is pressed by the
edge portion of the head portion 41a. The support plate 7 and
the LED substrate 8 are sandwiched by the elastic portion 225
and the engaging stop portion 22a with an appropriate pres-
sure so that the LED substrate 8 and the support plate 7 are
tightly made in contact with each other.

In the display device relating to the embodiment 3-1, the
reflection sheet 11 is disposed between the head portions of
the rivets 20, the positioning rivets 30, as well as the support-
ing rivets 40, and one surface of the LED substrate 8, and
since a gap is formed between the head portions and the
reflection sheet 11, even upon occurrence of an abrupt ther-
mal change, the reflection sheet 11 is allowed to expand or
contract between the head portions and the reflection sheet 11
so that it is possible to prevent wrinkles from occurring on the
reflection sheet 11.

Moreover, by making the head portions of the rivets 20, the
positioning rivets 30 and the supporting rivets 40 in contact
with the engaging stop portion 224, the reflection sheet 11 is
held, with a slight gap being formed between the edges of the
head portions and the reflection sheet 11, so that it is possible
to prevent wrinkles from occurring on the reflection sheet 11.
Furthermore, in a state where the engaging stop portion 224 is
engaged with the edge portion of the substrate hole 8a to be
stopped thereon, the elastic portion 224 is inserted into the
substrate hole 8a and the through hole 74, and the leg portion
of'the rivet 20, the positioning rivet 30 or the supporting rivet
40 is inserted into the engaging stop portion 22a to be made in
contact with the contact portion 22¢. At this time, the elastic
portion 224 is curved outward in the radial direction by elastic
deformation, and since the curved elastic portion 225 is made
in contact with the edge portion of the through hole 7a, the
LED substrate 8 and the support plate 7 are sandwiched and
held by the engaging stop portion 22« and the elastic portion
22b.

By inserting the positioning portion 31¢ into the position-
ing hole 75 or 85, the reflection sheet 11 is made in contact
with the positioning portion 31¢ even when the reflection
sheet 11 is pivoted, so that the pivoting movement of the
reflection sheet 11 can be disturbed. Thus, it becomes pos-
sible to positively carry out the positioning process of the
reflection sheet 11.

Since the supporting rivets 40 support the diffusion plate 6
by the support portion 41¢, as well as supporting the reflection
sheet 11, it is possible to prevent the diffusion plate 6 from
being curved, and also to reduce the number of parts.

In the display device in accordance with the embodiment
3-1, positioning holes 76 and 86 are respectively formed on
the support plate 7 and the LED substrate 8; however, only the
positioning hole 85 may be formed on the LED substrate 8. In
this case, it is needless to say that the dimension in the axis
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direction of the positioning portion 31¢ is made to correspond
to the dimension in the axis direction of the positioning hole
8b6. Moreover, the LEDs 9 are used as the light-emitting
elements of the display device relating to the embodiments;
however, LDs (Laser Diodes), etc. may be used. Moreover,
the support portion 41¢ may be further formed on each of the
head portions 31a and 414 of the insertion rivets 21 and 31.

Embodiment 3-2

FIGS. 66A and 66B are expanded cross-sectional views
that show another structure of a portion used in securing the
LED substrate 8 onto the support plate 7. FIG. 66A shows a
structure in which in place of the rivet 20 (B7) having the
reception rivet 22 (B71) and the insertion rivet 21 (B72), a
single rivet 50 (B7) is used in securing the LED substrate 8
(B3) onto the support plate 7 (B6), and FIG. 66B shows a
structure in which in place of rivets, the LED substrate 8 is
secured onto the support plate 7 by using male screws 60
BD.

The rivet 50 (B7) of FIG. 66A is provided with a head
portion 50a (B72a) having a diameter larger than the insertion
hole 1154, a step portion 504 that is connected to the center
portion of the head portion 50a, and has a diameter larger than
the substrate hole 8a (B33a, B34a), and a plurality of leg
portions 50c¢ that are connected to the center portion of the
step portion 505, and inserted into through holes 7a (B64),
and a claw portion 504 to be engaged with a hole edge of the
through hole 7a is formed on the tip of the leg portion 50c.

In this structure, by inserting the leg portion 50¢ through
the substrate hole 8a and the through hole 74 from the inser-
tion hole 115, the claw portion 504 is engaged with the hole
edge of the through hole 7a to stop thereon, with the step
portion 505 being made in contact with the hole edge of the
substrate hole 8a, so that the LED substrate 8 can be secured
onto the support plate 7. A slight gap is prepared between the
edge portion of the head portion 50a and the reflection sheet
11 so that, even when the reflection sheet 11 is thermally
expanded by light emitted from the LED 9, the extension and
contraction of the reflection sheet 11 due to this thermal
expansion is permitted to prevent wrinkles from occurring on
the reflection sheet 11.

The male screw 60 (B7) of FIG. 66B is provided with a
head portion 60a (B72a) having a diameter larger than the
insertion hole 115, a step portion 605 that is connected to the
center portion of the head portion 60qa, and has a diameter
larger than the substrate hole 8a (B33a, B34a), a step portion
60c that is connected to the center portion of the step portion
605, and has a diameter larger than the through hole 7a (B64),
and athreaded shaft portion 604 that is connected to the center
portion of the step portion 60c¢, and inserted into the through
hole 7a.

In this structure, by inserting the threaded shaft portion 604
of the male screw 60 through the substrate hole 8a from the
insertion hole 115, with the threaded shaft portion 604 being
screwed into the through hole 74, the step portion 60c is made
in contact with the hole edge of the through hole 74 so that the
male screw 60 is secured into the support plate 7, and the step
portion 605 is made in contact with the hole edge of the
substrate hole 84 so that the LED substrate 8 can be secured
onto the support plate 7. A slight gap is prepared between the
edge portion of the head portion 60a and the reflection sheet
11 so that, even when the reflection sheet 11 is thermally
expanded by light emitted from the LED 9, the extension and
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contraction of the reflection sheet 11 due to this thermal
expansion is permitted to prevent wrinkles from occurring on
the reflection sheet 11.

Embodiment 4

FIG. 67 is a cross-sectional view that illustrates a main
portion of a structure of a light source device in accordance
with the present invention, FIG. 68 is a plan view that illus-
trates one portion of the light source device, FIG. 69 is a plan
view that illustrates the light source device one portion of
which is disassembled, FIG. 70 is a plan view that illustrates
partial members of the light source device, FIGS. 71 and 72
are enlarged plan views that illustrate one portion of the light
source device, FIGS. 73 and 74 are perspective views that
show a structure of a light-emitting diode to which lenses are
attached, and FIG. 75 is a cross-sectional view that illustrates
one example of fixtures.

The light source device having one surface 2a on which a
plurality of light-emitting diodes 1 (B1) are assembled is
provided with a plurality of light-emitting diode substrates 2
(B3) that are spaced from one another, and arranged in par-
allel with one another, a plurality of lenses 3 (B2) that are
attached to the one surface 2a of the light-emitting diode
substrate 2 so as to be opposed to top portions of the respec-
tive light-emitting diodes 1, and used for diffusing light emit-
ted by the light-emitting diodes 1, and through holes 41 (B53)
in which the lenses 3 are arranged, and also has a reflection
sheet 4 (B5) that is mounted on the one surface 2a of the
light-emitting diode substrate 2, and reflects light emitted by
the light-emitting diodes 1, a plurality of connectors 5 (B4)
that connect the adjacent light-emitting diode substrates 2
with each other, and a support body 6 (B6) that is located on
another surface 26 of the light-emitting diode substrate 2, and
supports the plural light-emitting diode substrates 2.

The light-emitting diode substrate 2 (B3) has a circuit unit
on the one surface 2a, and is formed into a rectangular shape
(stripe shape) with its length having a ratio higher than that of
its width. A plurality of the light-emitting diodes 1 are
assembled on the one surface 2a of each of the light-emitting
diode substrates 2, in a separated manner, with substantially
the same interval in the longitudinal direction. The light-
emitting diode substrate 2 is a one-sided substrate, with a
conductor unit formed only on the one surface 2a side. A
plurality of the rectangular light-emitting diode substrates 2
are arranged on one surface 6a of the support member 6
having a rectangular shape, while being spaced in the longi-
tudinal direction as well as in the width direction, with the
longitudinal directions thereof being aligned in the same
direction.

FIG. 69 shows one example in which the light-emitting
diode substrate 2 is placed in the center, with six light-emit-
ting diodes 1 assembled thereon, and light-emitting diode
substrates 2, each having five light-emitting diodes 1
assembled thereon, are disposed on the two sides thereof, so
that three sheets of the light-emitting diode substrates 2 con-
nected in one line are prepared, and eight lines of them are
arranged in the width direction with substantially the same
interval as the assembled interval of the light-emitting diodes
1 on the light-emitting diode substrate 2. The respective light-
emitting diode substrates 2, arranged in a direction orthogo-
nal to a line of the light-emitting diode substrates 2 arranged
into one line, have substantially the same dimension in the
longitudinal direction. Moreover, the light-emitting diodes 1
on all the light-emitting diode substrates 2 are arranged with
substantially the same two-dimensional interval from one
another.
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Connecting portions 21 and 22 (B31, B32) are formed on
two ends in the longitudinal direction of the one surface 2a of
each light-emitting diode substrate 2. In three sheets of the
light-emitting diode substrates 2 aligned into one line, the
connecting portions 21, 21 of the adjacent light-emitting
diode substrates 2 are mutually connected to each other by
connectors 5 (B4). Moreover, as will be described later, the
connecting portion 22 of the light-emitting diode substrate 2
located on one of the ends of a line is connected to a power
supply circuit board by a connector (B41), while a short
connector is connected to the connecting portion 22 of the
light-emitting diode substrate 2 located on the other end of the
line.

Each of the lenses 3 (B2) is provided with a translucent
portion 31 (B21) that is spaced from a top portion of the
light-emitting diode 1 to be opposed thereto, and has a hemi-
spherical recess used for diffusing light emitted by the light-
emitting diode 1 in all directions, and three positioning pro-
trusions 32 (B22) that protrude from the surface of the
translucent portion 31 opposed to the one surface 2a toward
the light-emitting diode substrate 2, so as to determine the
position of the lens 3 relative to the light-emitting diode
substrate 2, with the tip of each positioning projection 32
being attached to the one surface 2a with an adhesive agent.
The translucent portion 31 is formed into a shape that is
slightly smaller than the through hole 41 of the reflection
sheet 4.

The reflection sheet 4 (B5) having a highly reflective prop-
erty, which is composed of a sheet of synthetic resin sheet
having a rectangular shape in association with the support
member 6, has a structure in which through holes 41 (B53)
having a round shape, with a diameter that is slightly larger
than that of the translucent portion 31, are formed in a diced
pattern at positions corresponding to the respective lenses 3,
and second through holes 42 having a rectangular shape,
through which the connectors 5 are inserted, are formed at
positions corresponding to the connectors 5.

Two through holes 2¢ and 24 (B33, B34) through which
rivets 8 (B7) for use in supporting the light-emitting diode
substrate 2 on the support body 6 are inserted are formed on
one end and the other end in the longitudinal direction of the
rectangular-shaped light-emitting diode substrate 2. The
respective through holes 2¢ and 2d are located between the
two adjacent lenses 3. The dimension in the substrate longi-
tudinal direction of one through hole 2¢ (B33) of the two
through holes 2¢, 2d is smaller than the dimension of the other
through hole 24 (B34). More specifically, one of the through
holes 2¢ is a round hole, and the other through hole 2d has an
elongated round shape that is long in the substrate longitudi-
nal direction. In the end portions at which the light-emitting
diode substrates 2 aligned into one line are connected to each
other, the respective light-emitting diode substrates 2 are
arranged so that the through hole 2¢ having a smaller dimen-
sion and the through hole 24 having a larger dimension are
made adjacent to each other.

In the eight light-emitting diode substrates 2 that are adja-
cent to one after another in a direction orthogonal to the lines
of' the light-emitting diode substrates 2, each aligned into one
line, eight insertion holes 2¢ on one end side are positioned in
a zigzag pattern, while eight insertion holes 2d on the other
end side are also positioned in a zigzag pattern. More specifi-
cally, the insertion holes 2¢ on the one end side are alternately
located at positions closer to one side of two sets of lenses 3
located on one end, as well as at positions closer to the other
side, and in the same manner, the insertion holes 24 on the
other end side are alternately located at positions closerto one
side of two sets of lenses 3 located on the other end, as well as
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at position closer to the other side thereof so that rivets 8,
which are inserted through the insertion holes 2¢ and the
insertion holes 2d so as to secure the two ends of the light-
emitting diode substrate 2 onto the support body 6, are
arranged in a zigzag pattern; thus, influences by the rivets 8 to
cause a reduction of luminance are dispersed so that lumi-
nance irregularities in illumination light can be suppressed.

The support body 6 is formed by processing a metal plate,
and has a flat plate portion 61 (B61) having substantially a
rectangular shape and a frame portion 62 (B62) that is con-
nected to the peripheral edge of the plate portion 61, and on
one surface 6a of the plate portion 61, the light-emitting diode
substrates 2 are housed to be supported thereon side by side in
the length direction as well as in the width direction. On the
plate portion 61 of the support body 6, through holes 61a
(B64) are formed at positions corresponding to the respective
insertion holes 2¢ and 2d of the light-emitting diode substrate
2.

As shown in FIG. 75, each of the rivets 8 (B7) has an outer
diameter gl capable of being inserted through the insertion
holes 2¢, 2d and the through hole 61a, a flange portion 81a
(B71a) that is attached to one of the ends and is not capable of
being inserted through the insertion holes 2¢ and 24 and the
through hole 61a, a cylindrical part 81 (B71) whose inner
diameter g3 ofthe other end is smaller than the inner diameter
g2 of one of the ends, and a shaft part 82 (B72) having a shaft
portion 82a thatis capable of being inserted into the one of the
ends of the cylindrical part 81, and has a diameter larger than
the inner diameter g3 of the other end, and a head portion 825
(B72a) that is not capable of being inserted through the inser-
tion holes 2¢, 2d4 and the through hole 61a. The cylindrical
part 81 and the shaft part 82 are made from a synthetic resin
material.

On the reflection sheet 4, third through holes 43 (B54),
which have a diameter larger than the diameter of the head
portion 825 of the shaft part 82 so as to allow the rivets 8 to be
inserted therein, and are formed into an elongated hole shape
connected to the through hole 41, are formed at positions
corresponding to the rivets 8. The third through holes 43,
which are adjacent to one another in a direction orthogonal to
the row of the light-emitting diode substrates 2, are positioned
in a zigzag pattern, with their shapes being alternately
changed as an elongated hole connected to one of the through
holes 41 on the two sides and as an elongated hole connected
to the other.

As described above, the rivets 8, inserted through the
respective insertion holes 2¢ and 2d of the light-emitting
diode substrate 2 as well as through the third through holes 43
of' the reflection sheet 4, have an arrangement in which eight
rivets 8, located on one end side of eight sheets of light-
emitting diode substrates 2 that are adjacent to one another in
a direction orthogonal to the rows of the light-emitting diode
substrates 2, are positioned in a zigzag pattern, with eight
rivets 8 on the other end side being also positioned in a zigzag
pattern, so that influences by the rivets 8 to cause a reduction
of luminance are dispersed, and luminance irregularities in
illumination light can be consequently suppressed.

The following description will discuss a sequence of pro-
cesses by which three sheets of the light-emitting diode sub-
strates 2 connected to one after another into one line are
supported on the support body 6 by using the rivets 8. First,
after positioning the insertion holes 2¢ and 2d of the respec-
tive light-emitting diode substrates 2 onto the respective
through holes 61a of the support body 6, the cylindrical part
81 is inserted through the insertion hole 2¢ having a smaller
size and the through hole 61a from the one surface 2a of the
respective light-emitting diode substrates 2 so that the flange
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portion 814 is made in contact with the one surface 2a of the
light-emitting diode substrates 2. Next, when the shaft por-
tion 82a of the shaft part 82 is inserted until the head portion
825 has come into contact with the flange portion 81a of the
cylindrical part 81, the tip portion of the cylindrical part 81 is
pushed and widened outward by the shaft portion 82a of the
shaft part 82. The tip portion of the cylindrical part 81, pushed
and widened outward, is allowed to press the shaft portion
82a of the shaft part 82 inward so as to be maintained, while
the tip portion of the cylindrical part 81 with a widened
diameter cannot be inserted through the through hole 61a of
the support body 6, with the result that the respective light-
emitting diode substrates 2 are secured on the support body 6
by the rivets 8.

After the rivets 8 have been attached to the insertion holes
2¢ having a smaller dimension, the rivets 8 are also attached
to the insertion holes 2d having a larger dimension in the same
manner, as described above, so that the respective light-emit-
ting diode substrates 2 are secured onto the support body 6 by
the rivets 8. At this time, in the case when, upon connecting
the adjacent light-emitting diode substrates 2 to each other by
the connectors 5, the positions of the two substrates are devi-
ated from appropriate positions in the substrate width direc-
tion, each of the through holes 614 of the support body 6 is not
positioned at the center of the inserting hole 2d; however,
since the dimension of the through hole 2d in the substrate
width direction is made larger, the through hole 61a is not
deviated from the range of the insertion hole 24 so that each
rivet 8 can be inserted through the insertion hole 24 and the
through hole 61a so as to be attached.

After the rivets 8 have been attached to all the insertion
holes 2c and 2d of the light-emitting diode substrates 2, lenses
3 are inserted into the through holes 41, the connectors 5 are
inserted into the second through holes 42, and the respective
rivets 8 are inserted into the third through holes 43, and in this
state, the reflection sheet 4 is made face to face with the
light-emitting diode substrates 2, and mounted thereon.

FIG. 76 is a cross-sectional view that illustrates a structure
of a display device in which a light source device in accor-
dance with the present invention is installed. The display
device, which has a display surface 72a on its front side, is
provided with a display unit 70 (A) having a substantially
rectangular parallelepiped shape, a light source device A (B)
disposed on the rear side of the display unit 70, and a cabinet
71 (D) that conceals the peripheral edge portion of the display
unit 70 and the rear side of the light source device A.

The display unit 70 has a display panel 72 (A1) having a
display surface 72a, and an optical sheet 73 (C) that is placed
on the rear side of the display panel 72. The peripheral edge
portion of the display panel 72 is sandwiched by a front-
holding frame 74 (A2) and a rear-holding frame 75 (A3) ina
front to rear direction to be held therein so that a panel module
is formed, with the rear-holding frame 75 being attached to
the peripheral edge portion of the support body 6.

The optical sheet 73 is a laminated sheet formed by stack-
ing a diffusion plate having a comparatively high thickness
that diffuses light emitted by the light-emitting diode 1 as a
light source, and synthesized resin sheets having compara-
tively low thicknesses, such as a reflective polarizing plate, a
prism sheet and a diffusion sheet. The peripheral edge portion
of the optical sheet 73 is sandwiched and held by the frame
portion 62 of the support body 6 and the rear-holding frame
75.

The cabinet 71 is provided with a cabinet front divided unit
71a (D1) that conceals the peripheral edge portion on the
front side of the display unit 70, and a cabinet rear divided unit
716 (D2) having a deep dish shape so as to conceal the
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peripheral edge portion and the rear side of the light source
device A, and is attached to the frame portion 62 of the
support body 6 with male screws.

Although not shown, onto the other surface 65 of the plate
portion 61, a plurality of circuit boards, such as a power
supply circuit board to be connected to a connecting electrode
unit 22 of the light-emitting diode substrate 2 by a second
connector, a control circuit board, which carries out driving
and controlling operations on the display unit, and a signal
processing circuit board, which processes an image signal for
use in displaying an image on the display surface of the
display unit, are attached.

A specific structure for use in arranging a plurality of
fixtures (rivets 8) in a zigzag pattern is not necessarily limited
to the above-mentioned the embodiment 4. FIG. 77 is a plan
view illustrating one portion of a light source device in accor-
dance with another embodiment of the present invention. In
this embodiment, a spaced distance L between rivets 8 (B7) to
be arranged in a zigzag pattern in the longitudinal direction of
the light-emitting diode substrates 2 is made smaller than that
of the aforementioned embodiments, and each of the third
through holes 43 (B54) of the reflection sheet 4 through which
the rivets 8 are inserted is a round hole separated from the
through hole 41 (B53).

In the aforementioned the embodiment 4, two insertion
holes 2¢ and 24 for use in inserting the rivets 8 are formed on
the two ends in the longitudinal direction of the rectangular
light-emitting diode substrate 2; however, another structure
may be used in which insertion holes are respectively formed
on the two ends in the longitudinal direction of the light-
emitting diode substrate 2 as well as on positions inside the
two ends thereof so that the respective insertion holes that are
adjacent to each other in a direction orthogonal to the line of
the light-emitting diode substrates 2 are located in a zigzag
pattern.

In the aforementioned the embodiment 4, a plurality of
rectangular light-emitting diode substrates 2 are aligned in a
longitudinal direction side by side in one line, and a plurality
of'lines are arranged in parallel with one another in the width
direction; however, the structure of the light-emitting diode
substrates is not necessarily limited to the embodiment 4.
FIG. 78 is a plan view in which one portion of a light source
device in accordance with a second other embodiment of the
present invention is disassembled, and FIG. 79 is a plan view
that illustrates partial members of the light source device in
accordance with the second other embodiment. In this
embodiment, a rectangular light-emitting diode substrate 2A
(B3) is made longer than the light-emitting diode substrate 2
of'the aforementioned embodiments, and eight light-emitting
diode substrates 2A are arranged in parallel with one another
in the substrate width direction with substantially the same
interval as the assembling interval of the light-emitting diodes
1 on the light-emitting diode substrate 2A. The connecting
portions 22 (B32) are formed on the two ends in the longitu-
dinal direction of each light-emitting diode substrate 2A, and
no connecting portions 21 (B31) for the connectors 5 are
prepared.

Six insertion holes 2¢1 to 2¢6 for use in inserting the rivets
8 are formed at six positions in the longitudinal direction of
each light-emitting diode substrate 2A. The insertion hole 2e1
on one end in the longitudinal direction of the light-emitting
diode substrate 2A is a round hole in the same manner as in the
insertion hole 2¢ of the aforementioned embodiments, and the
other five insertion holes 2¢2 to 2¢6 are elongated holes in the
same manner as in the insertion hole 24 of the aforementioned
embodiments. In eight light-emitting diode substrates 2 A that
are adjacent to one another in the parallel arranging direction
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of the light-emitting diode substrates 2A, the insertion holes
2e1 to 2e6 at the respective six positions are arranged in a
zigzag pattern. That is, eight insertion holes 2e1 on one end of
the eight light-emitting diode substrates 2A arranged in par-
allel with one another are positioned in a zigzag pattern, and
in the same manner, sets of eight insertion holes 2¢2, eight
insertion holes 23, eight insertion holes 2e4, eight insertion
holes 2e4, eight insertion holes 2¢5, and eight insertion holes
2¢6 at the other positions are arranged in a zigzag pattern.
Third insertion holes 43 are formed on the reflection sheet 4A
in association with the positions of the respective insertion
holes 2el to 2e6, and no second insertion holes 42 corre-
sponding to the connectors 5 are prepared.

In the aforementioned the embodiment 4, the rivet 8 com-
posed of two members of a cylindrical part 81 and an shaft
part 82 is used as the fixture; however, the fixture may be
prepared as a rivet made of a single member, or in addition to
the rivet, vises, bolts and nuts, etc. may be used.

Moreover, in the aforementioned the embodiment 4, the
third through hole 43 having a diameter larger than the diam-
eter of the head portion 825 of the rivet 8 is formed, with the
head portion 825 being placed inside the third through hole
43, so that the extension and contraction of the reflection
sheet 4 due to thermal expansion can be permitted; however,
in addition to this structure, another structure may be pro-
posed in which the diameter of the head portion 825 is made
larger than the diameter of the third through hole 43, and the
outer circumferential portion of the head portion 824 is
spaced from the circumference of the third through hole 43 of
the reflection sheet 4, and opposed thereto so that the head
portion 825 may be used for preventing the reflection sheet 4
from being biased in a separating direction from the light-
emitting diode substrate 2.

In the aforementioned the embodiment 4, the light source
device of the present invention is applied to illumination for a
display panel of a liquid crystal display device; however, the
light source device may be applied to illumination for a dis-
play panel of another display device having another light-
emitting system different from the liquid crystal display
device.

Embodiment 5-1

FIG. 80 is a schematic longitudinal cross-sectional dia-
gram showing a display device.

In the figure, 1 is a rectangular display panel (A1) with
liquid crystal, and this display panel 1 is formed so that the
transmittance of light is adjusted by controlling the voltage
applied to the liquid crystal, and thus an image is displayed.
The display panel 1 has the peripheral portion sandwiched
between a front supporting frame 2 (A2) and a rear supporting
frame 3 (A3) and is contained in a front cabinet 4 (D1) in
rectangular frame form. The front cabinet 4 is located in the
periphery of the front supporting frame 2 and the rear sup-
porting frame 3. The front cabinet 4 has a rectangular open-
ing, and the size of the opening corresponds to the size of the
display panel 1. The rear side of the display panel 1 is pro-
vided with a number of optical sheets 5 (C) for condensing
light from the below-described light-emitting diodes 9 (light-
emitting elements) towards the display panel 1.

The rear side of the optical sheets 5 is provided with a
diffusing plate 6 for uniformly diffusing light from the light-
emitting diodes 9 (B1). The diftusing plate 6 is supported by
the edge portion of a support plate 7 (B6) in dish form. A
number of substrates 8 (B3) are provided side-by-side on the
front surface of the support plate 7, and a film made of a heat
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conductive substance, for example, a metal, having a heat
releasing pattern (not shown) is formed on the rear surface of
the substrates 8.

A number of light-emitting diodes 9,9 . .. 9 are mounted on
the front surface of the substrates 8. The light-emitting diodes
9 have a plate portion 9a secured to the front surface of a
substrate 8 and a spindle portion 95 protruding to the front
from the plate portion. Lenses 10, 10 . . . 10 (A2) for diffusing
light are respectively placed in front of the light-emitting
diodes 9,9 ... 9. The lenses 10 have a thick portion bulging
towards the front, and a recess 10a is created so as to match
the shape of the spindle portion 95 at the center of the rear
surface of the lenses 10. The spindle portion 95 is contained
inside the recess 10a. Three protrusions 105, 105 and 105
(B22) sticking out towards the substrate 8 side are provided in
the periphery of the lenses 10, and the top of the protrusions
105 is attached to the front surface of the substrates 8 by
means of an adhesive.

Individual supports (not shown) for supporting a reflection
sheet 11 (B5) in dish form are provided on the left and right of
the above-described support plate 7. A number of sheet holes
11a (B53) through which the above-described lenses 10 are
inserted are provided at the bottom of the reflection sheet 11.
The respective lenses 10 protrude to the front side through the
above-described sheet holes 11a.

The rear side of the support plate 7 is provided with a rear
cabinet 12 (D2) in dish form. The length and the width of the
rear cabinet 12 are approximately the same as the length and
width of the front cabinet 4 (1), and the edge portion of the
rear cabinet 12 and the edge portion of the front cabinet 4 face
each other. Engaging protrusions and engaging recesses, not
shown, are respectively provided on the edge portions of the
front cabinet 4 and the rear cabinet 12 so that the engaging
protrusions and the engaging recesses are engaged and the
front cabinet 4 is secured to the rear cabinet 12. Here, a
number of circuit boards, including a power supplying circuit
board, connected to electrodes of the substrates 8 through
connectors, a control circuit board for driving and controlling
the display panel 1, and a signal processing circuit board for
processing an image signal to be displayed on the display
surface of the display panel 1, are provided between the
support plate 7 and the rear cabinet 12.

FIG. 81 is a schematic front diagram showing light-emit-
ting diodes 9 and substrates 8 that are provided with a reflec-
tion sheet 11, FIG. 82 is a graph showing the amount of
emitted light in relation to the angle of the light emitted from
a light-emitting diode 9, and FIG. 83 is a cross-sectional
diagram along line IV-IV in FIG. 81 where rivets are sche-
matically shown.

The substrates 8 are provided with a number of first
through holes 8a, 8a . . . 8a (B33, B34) in the longitudinal
direction of the substrates 8. The above-described support
plate 7 is provided with a number of second through holes 7a,
7a ... 7a (B64) in the locations corresponding to the first
through holes 8a, 8a . . . 8a. The diameter of the second
through holes 74 is approximately the same as the diameter of
the first through holes 8a. The reflection sheet 11 is provided
with holes 115 (B54) in the locations corresponding to the
first through holes 8a, and the holes 115 have a diameter
greater than that of the first through holes 8a. As shown in
FIG. 81, certain parts of the reflection sheet 11 are provided
with through holes 11¢ in elliptical form that are connected to
the above-described sheet holes 11a and extend in the longi-
tudinal direction of the substrates 8. The shorter diameter and
the longer diameter of the through holes 11c¢ are greater than
the diameter of the head portion of the below-described rivet
20.
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As shownin FIG. 81, rivets 20 are provided in the holes 114
between the lenses 10. The rivets 20 (B7) made of a metal or
a carbon material, for example, are inserted through the first
through holes 84 and the second through holes 74 that corre-
spond to the holes 115, and the substrates 8 are secured to the
support plate 7 by means of these rivets 20. The rivets 20 have
a reception rivet 22 (B71) and an insertion rivet 21 (B72).

The reception rivet 22 has a stopper portion 22a (B714a) in
annular form having a diameter greater than the diameter of
the above-described first through holes 8a, and the outer
periphery of the stopper portion 224 is stopped at the edge
portion of a first through hole 8a outside the first through hole
8a and inside the hole 115. A number of elastic portions 225
are provided side-by-side in the inner peripheral portion of
the stopper portion 22a. The elastic portions 225 protrude
along the axis of the stopper portion 224 and are inserted
through a first through hole 84 and a second through hole 7a.
The length of the elastic portions 225 along the axis is greater
than the length of the first through holes 8a and the second
through holes 7a along the axis, and thus the ends of the
elastic portions 224 stick out from the second through hole 7a
along the axis.

Contact portions 22¢ are provided and integrated with the
ends of the elastic portions 225 so as to protrude towards the
inside along the diameter of the stopper portions 22a, and
there is a gap between the contact portions 22¢ and 22c.

The below-described leg portion 215 makes contact with
the inside of the contact portions 22¢ so that the elastic por-
tions 225 are bent outwards, and the elastic portions 225 make
contact with the edge portion of the second through hole 7a.
As a result, the substrates 8 and the support plate 7 are sand-
wiched together between the stopper portion 22a and the
elastic portions 225.

The above-described insertion rivets 21 have a head por-
tion 21a (B72a) with a diameter greater than the above-
described holes 115, and a cylindrical leg portion 215 is
provided at the center of the head portion 21a so as to be
perpendicular to the head portion 21a. A tapered portion 21ba
of the leg portion 215 is formed in such a manner that the
diameter of the leg portion 215 becomes smaller as the loca-
tion is closer to the end. The diameter of the leg portion 215 at
the portion closer to the head portion 21a is approximately the
same as the inner diameter of the above-described stopper
portion 22a and is greater than the distance between the
above-described contact portions 22¢ when the leg portion
2154 is not inserted. Here, the end portion of the head portion
21a sticks out towards the leg portion 215 side, and the
distance by which the end portion of the head portion 21a
sticks out is smaller than the dimension in the axis direction of
the above-described stopper portion 224, or the thickness of
the above-described stopper portion 22a.

The leg portion 215 of the insertion rivet 21 is inserted into
the engaging portion 22a so that the end of the leg portion 215
is inserted into the gap between the contact portions 22¢. The
tapered portion 21ba of the leg portion 215 is formed so that
the above-described gap is spread when the leg portion 215 is
inserted. The elastic portions 225 are bent to the outside so as
to make contact with the edge portion of the second through
hole 7a.

The head portion 21a makes contact with the stopper por-
tion 224, and the head portion 21a does not make contact with
the reflection sheet 11. There is a slight gap between the edge
portion of the head portion 214 that sticks out towards the leg
portion 215 side and the reflection sheet 11. When the reflec-
tion sheet 11 is thermally expanded due to the light emitted
from the light-emitting diodes 9, the expansion and contrac-
tion of the thermally expanded reflection sheet 11 is allowed
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so that the reflection sheet 11 is not wrinkled. The reflection
sheet 11 is supported by the end portions of the head portions
21a. The support plate 7 and the substrates 8 are sandwiched
between the elastic portions 225 and the stopper portions 22a
with an appropriate pressure so that the substrates 8 and the
support plate 7 are made to make close contact.

The thickness of the head portions 21a¢ and the stopper
portions 22a is smaller than the height of the above-described
light-emitting diodes 9, and the top of the head portions 21a
is located lower than the top of the spindle portions 95 of the
light-emitting diodes 9.

As shown in FIG. 81, rivets 20 are provided in the through
holes 11¢ between the lenses 10. The shorter diameter and the
longer diameter of the through holes 11¢ in elliptical form are
greater than the diameter of the head portions (head portions
21a) of the rivets 20, and therefore the head portions 21a are
located inside the through holes 11¢. As shown in FIG. 83, the
support plate 7 and the substrates 8 are sandwiched between
the elastic portions 225 and the stopper portions 22a under an
appropriate pressure so that the substrates 8 and the support
plate 7 are made to make close contact in the same manner as
the rivets 20 provided in the holes 1154. In addition, the thick-
ness of the head portions 21a and the stopper portions 22a is
smaller than the height of the above-described light-emitting
diodes 9, and the top of the head portions 21a is located
beneath the top of the spindle portions 96 of the light-emitting
diodes 9.

In the display device according to the embodiment 5-1, the
distance between the substrate 8 and the top of the head
portions 21a is smaller than the distance between the sub-
strate 8 and the top of the lenses 10 in accordance with the
range in which light is diffused by the lenses 10, and thus the
diffused light can be prevented from being blocked by the
head portions 21a. FIG. 82 shows the amount of light emitted
from the light-emitting diodes 9 relative to the angle of the
light emission. The amount of light was measured at a point
20 mm away from the light-emitting diodes 9. It can be seen
from FIG. 82 that the amount of emitted light was zero when
the angle of light emission was 70 degrees or more relative to
the angle of light emission at zero degrees (top of the light-
emitting diodes 9). Therefore, the light diffused by the lenses
10 can be prevented from being blocked by the head portions
21a when the distance between the substrate 8 and the top of
the head portions 21a of the insertion rivets 21, which are
provided at a distance from the lenses 10 attached to the front
surface of the substrate 8 along the front surface of the sub-
strate 8, is smaller than the distance between the substrate 8
and the top of the lenses 10, and thus the brightness on the
display panel 1 can be prevented from becoming uneven and
the display quality can be prevented from lowering.

In addition, a case where light emitted from the light-
emitting diodes 9 is dispersed at a large angle when passing
through the lenses 10 is taken into consideration, and thus the
distance between the substrate 8 and the top of the head
portions 21a is smaller than the distance between the sub-
strate 8 and the top of the light-emitting diodes 9 so that the
light emitted from the light-emitting diodes 9 can be pre-
vented without fail from being blocked by the head portions
21a, and the brightness on the display panel 1 can be pre-
vented without fail from becoming uneven.

In addition, the substrate 8 can be secured to the support
plate 7 by means of rivets 20 and the head portions 21a
support the reflection sheet 11, and thus the reflection sheet 11
can be prevented from peeling off the support plate 7, and at
the same time, the number of parts used for the display device
can be reduced and the manufacturing time of the display
device can be shortened. In addition, the manufacturing cost
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for the display device can be reduced. Furthermore, the
reflection sheet 11 is not wrinkled even when the reflection
sheet 11 expands and contracts due to a sudden change in
temperature because of a gap between the head portions 21a
and the reflection sheet 11.

When the rivets 20 are used to secure the substrate 8 to the
support plate 7, the substrate 8 can be secured quickly to the
support plate 7 without fail, and therefore the manufacturing
time of the display device can be shortened and the manufac-
turing cost for the display device can be reduced.

In addition, light-emitting diodes 9 are used as the light-
emitting elements so that the heat emission can be reduced
and the turning on and off of light can be easily controlled.

Here, the rivets are not limited to those made of an insertion
rivet 21 and a reception rivet 22 and may have such a structure
without a reception rivet 22 that a number of leg portions 215
are provided in a head portion 21a, and each of the number of
leg portions 215 is provided with an engaging portion that
protrudes towards the outside from the end of the leg portion
215b so that the support plate 7 and the substrate 8 are sand-
wiched between the engaging portions and the head portion
21a. In the display device according to the embodiment, the
head portions 21a are located behind the spindle portions 95,
but the top of the head portions 21a may be located between
the top of the lenses 10 and the top of the spindle portions 95.
In addition, though light-emitting diodes 9 are used as the
light-emitting elements in the display device according to the
embodiment, [.Ds (laser diodes) and the like may be used.
(Modification)

A modification of the display device according to the
embodiment 5-1 is described below in detail in reference to
the drawings. FIG. 84 is a schematic cross-sectional diagram
showing rivets 20 in the modification.

As shown in FIG. 84, no lenses 10 are provided in front of
the light-emitting diodes 9 (B1) in the modification, and the
light-emitting diodes 9 directly illuminate diffusing plate 6.
The light-emitting diodes 9 illuminate a range at a wide angle,
and the light emitted from the light-emitting diodes 9 is suf-
ficiently diffused by the diffusing plate 6 so as to illuminate
the display panel 1. In the modification as well, the head
portions 21a and the engaging portions 22a have a thickness
smaller than the length of the above-described light-emitting
diodes 9, and thus the top of the head portions 21a is located
beneath the top of the spindle portions 96 of the light-emitting
diodes 9.

As aresult, the distance between the substrate 8 and the top
of the head portions 21a can be made smaller than the dis-
tance between the substrate 8 and the top of the light-emitting
diodes 9 in accordance with the range illuminated by light
emitted from the light-emitting diodes 9 so that the light
emitted from the light-emitting diodes 9 can be prevented
without fail from being blocked by the head portions 214, and
the brightness on the display panel 1 can be prevented without
fail from becoming uneven.

Embodiment 5-2

FIG. 85 is a schematic cross-sectional diagram showing
screws in a display device.

In this display device, the substrate 8 is secured to the
support plate 7 by means of screws 30 instead of rivets 20
(B7). The above-described support plate 7 is provided with a
number of second through holes 75, 75 . . . 7b in the locations
corresponding to the first through holes 8a, 8a . . . 84 (B64).
Female screws are threaded inside the second through holes
7b, and the diameter of the second through holes 75 is almost
equal to the diameter of the first through holes 8a. The screws
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30 are inserted into the first through holes 8a so as to be
engaged with the second through holes 74.

The screws 30 have a head portion 30a in disc form with a
large diameter and a shaft portion (leg portion) 305 in cylin-
drical form that protrudes from the center of the head portion
30a. The diameter of the head portion 30a is slightly greater
than the diameter of the above-described holes 115. The shaft
portion 305 is a male screw and is inserted through a washer
31. The inner diameter of the washer 31 is slightly greater
than that of the shaft portion 306 and is approximately the
same as that of the first through holes 8a. The shaft portion
305 is inserted into a first through hole 8a from the substrate
8 side so as to be engaged with a second through hole 76 in
such a state as being inserted through the washer 31. There-
fore, the washer 31 is located between the periphery of the
head portion 30a and the edge of the first through hole 8a.

The washer 31 is slightly thicker than the reflection sheet
11, and as shown in FIG. 85, there is a slight gap between the
head portion 30a and the reflection sheet 11. In addition, the
washers 31 and the head portions 30a are thinner than the
above-described light-emitting diodes 9 so that the top of the
head portions 30q is located beneath the top of the spindle
portions 95 of the light-emitting diodes 9.

Here, the diameter of the head portions 30« is slightly
greater than the diameter of the above-described holes 115,
and therefore the peripheral portion of the head portions 30a
and the edge of the holes 115 face each other with a slight gap
in between, and the peripheral portions of the head portions
30a support the reflection sheet 11. The substrate 8 is held
between the washers 31 and the support plate 7, and thus is
secured tightly to the support plate 7 when the screws 30 are
tightened.

In the display device according to the embodiment 5-2, the
distance between the substrate 8 and the top of the head
portions 30a is smaller than the distance between the sub-
strate 8 and the top of the lenses 10 in accordance with the
range in which light is diffused by the lenses 10, and thus the
diffused light can be prevented from being blocked by the
head portions 30a. Therefore, the brightness on the display
panel 1 can be prevented from being uneven and the display
quality can be prevented from lowering.

Inaddition, the distance between the substrate 8 and the top
of'the head portions 30a is smaller than the distance between
the substrate 8 and the top of the light-emitting diodes 9 in
accordance with the range that is illuminated by light emitted
from the light-emitting diodes 9 so that the light emitted from
the light-emitting diodes 9 can be prevented without fail from
being blocked by the head portions 304, and the brightness on
the display panel 1 can be prevented without fail from becom-
ing uneven.

In addition, the substrate 8 is firmly secured to the support
plate 7 using screws 30, and therefore the substrate 8 can be
prevented without fail from disengaging from the support
plate 7.

Here, the light emitted from the light-emitting diodes 9
may illuminate a range at a wide angle, and thus the lenses 10
may be removed. In this case, the distance between the sub-
strate 8 and the top of the head portions 30a is smaller than the
distance between the substrate 8 and the top of the light-
emitting diodes 9 in accordance with the range illuminated by
the light emitted from the light-emitting diodes 9 so that the
light emitted from the light-emitting diodes 9 can be pre-
vented without fail from being blocked by the head portions
30a, and the brightness on the display panel 1 can be pre-
vented without fail from becoming uneven.

The same symbols as for the components in the display
device according to the embodiment 5-1 are attached to the
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components in the display device according to the embodi-
ment 5-2, and the detailed descriptions of these are not
repeated.

Embodiment 6-1

FIG. 86 is a cross-sectional diagram showing an enlarge-
ment of a portion of the structure in the display device accord-
ing to the present invention, FIG. 87 is a cross-sectional
diagram showing an enlargement of a portion of the structure
of the light source, FIG. 88 is a front diagram showing the
structure of the light source where the peripheral portion is
omitted, FIG. 89 is a front diagram showing the structure of
the light source where the peripheral portion and the light
reflection sheet are omitted, FIG. 90 is a front diagram show-
ing the structure of the light reflection sheet where the periph-
eral portion is omitted, FIG. 91A is a cross-sectional diagram
showing the structure of a first shaft portion as viewed from
the side, FIG. 91B is a cross-sectional diagram showing the
structure of the first shaft portion as viewed from the top, FIG.
92A is a cross-sectional diagram showing the structure of a
second shaft portion as viewed from the side, FIG. 92B is a
cross-sectional diagram showing the structure of the second
shaft portion as viewed from the top, and FIG. 93 is a cross-
sectional diagram showing the structure of a third shaft por-
tion as viewed from the top.

The display device shown in the figures is a liquid crystal
television, in other words, a liquid crystal display device,
having a display unit A in approximately rectangular paral-
lelepiped form having a display screen for displaying TV
images on the front side (one side), a light source portion
(light source unit) B in approximately rectangular parallel-
epiped form, which is provided on the rear side (the other
side) of the display unit A, and a cabinet C (D) that covers the
periphery of the display unit A and the rear side of the light
source portion B.

The display unit A has a display panel 1 (A1) having a
display screen and an optical sheet 2 (C) provided on the rear
side of the display panel 1. The peripheral portion of the
display panel 1 is sandwiched between and supported by a
front support frame 11 (A2) and a rear support frame 12 (A3)
s0 as to form a panel module.

The optical sheet 2 is a multilayer body where a relatively
thick diffusing plate for diffusing light emitted from the light-
emitting diodes 3 (B1), which are the light source, and rela-
tively thin synthetic resin sheets, such as a reflective polariz-
ing plate, a prism sheet and a diffusing sheet, are layered on
top of each other.

The light source portion B is provided with a number of
light-emitting diodes 3 laid out on a grid, which are the light
source; a number of light-emitting diode substrates 4 (B3), on
which light-emitting diodes 3 are mounted on one side 4a and
which are aligned in a number of rows; a number of connec-
tors 5 (B4) for connecting the adjacent light-emitting diode
substrates 4, 4; a number of lenses 6 (B2) for diffusing light
emitted from the light-emitting diodes 3, which are attached
to one side 4a of the light-emitting diode substrates 4 so as to
face the top of the light-emitting diodes 3; a light reflection
sheet 7 (B5) for reflecting light diffused by the lenses 6, which
has holes 73 (B53) inside of which the lenses 6 are contained
and faces the above-described side 4a and one side of the
connectors 5; a support body 8 (B6) for supporting the light-
emitting diode substrates 4 aligned in a number of lines; first
shafts 9 and second shafts 10 for positioning the light reflec-
tion sheet 7 relative to the support body 8; and third shafts 20
for attaching the two ends of the light-emitting diode sub-
strates 4 to the support body 8 so as to prevent the light
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reflection sheet 7 from sliding in the direction of the thick-
ness. The second shafts 10 and the third shafts 20 are the same
parts.

The light-emitting diode substrates 4 are in long, rectan-
gular form having a circuit portion on one side 4a and through
holes 45, 45 (B33, B34) at the two ends, and are aligned in a
number of lines so as to be at a distance away from each other
both in the longitudinal direction and the lateral direction on
one side 8a of the support body 8 in rectangular form. The two
ends of each light-emitting diode substrate 4 are secured to
the support body 8 by means of the third shafts 20 (B7) that
areinserted into the through holes 45, 45 in such a manner that
the two can slide relative to each other. A number of light-
emitting diodes 3 are mounted at a distance from each otherin
the longitudinal direction, as shown in F1G. 89, on one side 4a
of'each of the light-emitting diode substrates 4, and connect-
ing portions 41, 41 are provided at either end of one side 4a in
the longitudinal direction.

Light-emitting diode substrates 4 are aligned in a number
of'lines, and the light-emitting diode substrates 4 in each row
are connected to each other through connectors 5 for connect-
ing two adjacent connecting portions 41, 41 in such a manner
that the connecting portion of one light-emitting diode sub-
strate 4 in a certain row is connected to the below-described
power source circuit board by means of a second connector
(B41) and the connecting portion of the other light-emitting
diode substrate 4 in the same line is connected to a short
connector.

The support body 8 is made of a metal plate formed into a
case shape having a rectangular plate 81 (B61), a frame 82
(B62) connected to the periphery of the plate 81, and four rims
83 (B63) connected to the outer periphery of the frame 82. A
first position setting hole 84 is provided at the center of the
plate 81, a second position setting hole 85 is provided in the
periphery that is away from the first position setting hole 84 in
the direction towards the sheet surface, a number of engaging
holes 86 are provided in the portions corresponding to the
through holes 45 in the plate 81 so as to be away from each
other around the periphery, and light-emitting diode sub-
strates 4 are laid out on a grid and supported on one side 8a of
the plate 81. In addition, a number of holes for attachment are
provided in the rims 83 at a distance away from each other
around the periphery so that the peripheral portion of the
display unit A can be attached.

A power source circuit board to be connected to one end in
longitudinal direction of a light-emitting diode substrate 4 by
means of second connectors (B41) is attached on the other
side of the plate 81, and a control circuit board for driving and
controlling the display unit A to be connected to the other end
in longitudinal direction of the light-emitting diode substrate
4 is attached on the other side of the plate 81. In addition, a
signal processing circuit board for processing an image signal
for displaying an image on the display unit A is attached to the
center in longitudinal direction of the light-emitting diode
substrate 4 on the other side of the plate 81.

The light reflection sheet 7 is made of one synthetic resin
sheet having high reflecting properties and being rectangular
s0 asto correspond to the display panel 1 and the support body
8, and has a flat portion 71 (B51) that is slightly smaller than
the plate 81 and frame portions 72 (B52) connected to the four
sides of the flat portion 71 through folding lines, which lies
diagonally outwards relative to the flat portion 71, and thus
forms a case.

A through hole 74 for preventing the light reflection sheet
7 from shifting its position relative to the plate 81 along the
sheet surface is provided at the center of the flat portion 71,
and a long hole 75 (B57) for preventing the light reflection
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sheet 7 from shifting its position relative to the plate 81
towards the periphery is provided in a location that is away
from the through hole 74 towards the periphery. The through
hole 74 is circular and is provided in a location corresponding
to the first position setting hole 84. The long hole 75 is long in
the direction in which the long hole 75 is away from the
through hole 74, the width in the direction perpendicular to
the direction in which the long hole 75 is away from the
through hole 74 is narrow and is provided in a location cor-
responding to the second position setting hole 85. The width
of the long hole 75 is almost the same as the diameter of the
through hole 74. In addition, a number of second holes 76 are
provided in the flat portion 71 in locations that correspond to
the engaging holes 86, and the long hole 75 is one of the
second holes 76 in such a manner that the long hole 75 is
connected to a hole 73.

Holes 73 (B53) of which the diameter is slightly greater
than that of the lenses 6 are provided in the flat portion 71 in
the locations that correspond to the lenses 6, and moving
portions that move in the direction of the thickness when
making contact with a connector 5 are provided together with
slits (B56, B59) in the flat portion 71 in the locations that
correspond to the connectors 5.

First shafts 9 (B7) have a flexible cylinder 91 (B71) and a
pin 92 (B72) that is fitted into the flexible cylinder 91. The
flexible cylinder 91 has a collar portion 91a (B71a) at one end
and a set shaft portion 915 connected to the collar portion 91a,
a number of slits 91¢ (B7156) in the direction of the shaft and
portions bulging inwards at the other end. The pieces between
the slits 91c¢ are flexible in the direction of the diameter, and
the flexible cylinder 91 is fitted into a through hole 74 and a
first position setting hole 84. The set shaft portion 9156 has a
diameter slightly smaller than that of through holes 74, and
when the set shaft portion 915 is fitted into a through hole 74,
the light reflection sheet 7 can be prevented from shifting its
position along the sheet surface in the configuration.

The pin 92 has a collar portion 92a (B72a) at one end where
the collar portion 92¢ has a diameter greater than that of the
collar portion 91a of the flexible cylinder 91. When the pin 92
is fitted into the flexible cylinder 91, the pin 92 makes contact
with the bulging portions inside the flexible cylinder 91 so as
to bend the pieces between the slits 91c¢ to the outside in the
direction ofthe diameter from the first position setting hole 84
and prevents the pieces between the slits 91¢ from recovering
their shapes due to elasticity, and thus the structure is not
allowed to be removed from the plate 81 and the set shaft
portion 915 can hold the light reflection sheet 7 in its set
position.

Second shafts 10 have a flexible cylinder 10a and a pin 106
that is fitted into the flexible cylinder 10a. The flexible cylin-
der 10q has a collar portion 10c¢ at one end and a number of
slits 104 in the direction of the shaft and portions bulging
inwards at the other end. The pieces between the slits 104 are
flexible in the direction of the diameter, and the flexible cyl-
inder 10a is fitted into the long hole 75 and a second position
setting hole 85. The collar portion 10¢, which is a position
setting portion, has a diameter slightly smaller than the width
of the long hole 75, and when the collar portion 10c¢ is fitted
into the long hole 75, the light reflection sheet 7 can be
prevented from shifting its position towards the periphery
with the first shaft 9 at the center in the configuration.

The pin 105 has a flange 10e at one end where the flange
10e has a diameter greater than that of the collar portion 10¢
of'the flexible cylinder 10a. When the pin 105 is fitted into the
flexible cylinder 10a, the pin 105 makes contact with the
bulging portions inside the flexible cylinder 10a so as to bend
the pieces between the slits 104 to the outside in the direction
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of the diameter from the second position setting hole 85 and
prevents the pieces between the slits 104 from recovering
their shapes due to elasticity, and thus the structure is not
allowed to be removed from the plate 81.

Third shafts 20 have a flexible cylinder 20a and a pin 205
that is fitted into the flexible cylinder 20a. The flexible cylin-
der 20¢ has a flange 20¢ at one end and a number of slits 204
in the direction of the shaft and portions bulging inwards at
the other end. The pieces between the slits 204 are flexible in
the direction of the diameter, and the flexible cylinder 20a can
be fitted into an engaging hole 86. The pin 205 has a flange
20e at one end where the flange 20e has a diameter greater
than that of the flange 20c¢ and the second holes 76. When the
pin 205 is fitted into the flexible cylinder 20a, the pin 205
makes contact with the bulging portions inside the flexible
cylinder 20a so that the pieces between the slits 204 are bent
to the outside in the direction of the diameter from the engag-
ing hole 86 and the pieces between the slits 204 are prevented
from recovering their shapes due to elasticity, and thus the
structure is not allowed to be removed from the plate 81. In
addition, there is a slight gap between the inner surface of the
flange 20e and the sheet surface of the light reflection sheet 7
so that the thermal expansion and contraction of the light
reflection sheet 7 in the direction towards the sheet surface
can be allowed, and the flange 20e prevents the light reflection
sheet 7 from moving in the direction of the thickness relative
to the light-emitting diode substrate 4 in the configuration.

The cabinet C has a cabinet front divided unit 21 (D1) for
covering the periphery portion of the display unit A on the
front side and a cabinet rear divided unit 22 (D2) in dish form
for covering the peripheral portion and the rear side of the
light source portion B, and is attached to the frame 82 of the
support body 8 by means of male screws.

In the thus-formed display device, the support body 8 is
placed on a working table in such a manner that the opening
faces upwards, a number of rows of two adjacent light-emit-
ting diode substrates 4, 4 are aligned on one side 8a of the
plate 81 in the support body 8, a connector 5 makes connec-
tion between adjacent ends of the light-emitting diode sub-
strates 4, 4 in each line, and flexible cylinders 20a of third
shafts 20 are fitted into engaging holes 86 through the through
holes 45, 45 provided at the two ends of the light-emitting
diode substrates 4 in each row.

After the light-emitting diode substrates 4 in lines are
attached, the light reflection sheet 7 is provided so as to face
the entire surface of the light-emitting diode substrates 4 in
lines in such a manner that the lenses 6 are contained in the
holes 73 inthe light reflection sheet 7 and the moving portions
cover the connectors 5.

Flexible cylinders 91 of first shafts 9 are fitted into the first
position setting holes 84 in the plate 81 through the through
holes 74 in the light reflection sheet 7, and pins 92 are fitted
into the flexible cylinders 91 so that the circumferential posi-
tion of the light reflection sheet 7 can be set relative to the
plate 81 along the sheet surface. In addition, flexible cylinders
10a of second shafts 10 are fitted into the second position
setting holes 85 in the plate 81 through the long holes 75 of the
light reflection sheet 7, and pins 105 are fitted into the flexible
cylinders 10q so that the position of the light reflection sheet
7 can be set relative to the plate 81, and at the same time, the
long holes 75 can move relative to the light reflection sheet 7.
Furthermore, when pins 205 are fitted into the flexible cylin-
ders 20a of the third shafts 20 through the second holes 76 in
the light reflection sheet 7, the light reflection sheet 7 can be
attached to the plate 81 in such a manner that the light reflec-
tion sheet 7 can move relative to the plate 81 while the flanges
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20e¢ prevent the reflection sheet 7 from moving in the direction
of'the thickness relative to the light-emitting diode substrates
4.

Afterthe light reflection sheet 7 is attached, an optical sheet
2 is placed on top of the light reflection sheet 7, a display unit
A isplaced on top of the optical sheet 2, the peripheral portion
of'the display unit A is attached to the peripheral portion of the
support body 8 by means of a number of male screws, and the
cabinet C is attached.

As described above, the position of the light reflection
sheet 7 is set along the sheet surface by means of the through
holes 74, the first shafts 9 and the first position setting holes
84, and at the same time, the position of the light reflection
sheet 7 is set in the direction towards the periphery by means
of the long holes 75, the second shafts 10 and the second
position setting holes 85. The long holes 75 and the portion
for attaching the light reflection sheet 7 to the support body 8
allows the light reflection sheet 7 and the support body 8 to
move relative to each other, and therefore when the light
reflection sheet 7 thermally expands along the sheet surface,
this expansion and contraction can be allowed through the
long holes 75 and the second holes 76. In addition, the long
holes 75 and the second shafts 10 can prevent the light reflec-
tion sheet 7 from shifting towards the periphery with the first
shafts 9 at the center, and thus the appropriate position of the
light reflection sheet 7 relative to the support body 8 can be
maintained. Therefore, an appropriate positional relationship
between the lenses 6 mounted on the light-emitting diode
substrates 4 and the holes 73 provided in the light reflection
sheet 7 can be maintained, the space between the lenses 6 and
the holes 73 can be kept uniform, and the edge portions of the
holes 73 can be prevented from making a shadow, and thus
appropriate brightness can be maintained.

FIG. 94 is a cross-sectional diagram showing another
structure of a first shaft portion as viewed from the side, and
FIG. 95 is a cross-sectional diagram showing another struc-
ture of a second shaft portion as viewed from the side. Though
in the above-described embodiments the first shaft portions 9,
the second shaft portions 10 and the third shaft portions 20
form rivets, the first shaft portions 9, the second shaft portions
10 and the third shaft portions 20 may form male screws.

In the case where the first shaft portions 9 are male screws,
as shown in FIG. 94, a first shaft portion 9 has a head portion
9a having a diameter greater than that of the through holes 74
and a screw portion 95 that continues to the head portion 9a
and has a diameter slightly smaller than the through holes 74.
The screw portion 95 forms a set shaft portion. In this embodi-
ment, the screw portion 954 is inserted into a through hole 74
and is screwed into a first position setting hole 84, and thus the
position of the light reflection sheet 7 can be prevented from
shifting along the sheet surface.

In the case where the second shaft portions 10 are male
screws, as shown in FIG. 95, a second shaft 10 has a head
portion 10f having a diameter greater than the width of the
long hole 75, a mid-diameter shaft portion 10g that continues
to the head portion 10f and has a diameter slightly smaller
than the width of the long hole 75, and a screw portion 10/
that continues to the mid-diameter shaft portion 10g and has
a diameter smaller than that of the mid-diameter shaft portion
10g. The mid-diameter shaft portion 10g forms a position
setting portion. In this embodiment, the screw portions 10/
are inserted into the long holes 75 and screwed into the second
position setting holes 85 so that the mid-diameter shaft por-
tions 10g are fitted into the long holes 75, and thus the position
of the light reflection sheet 7 can be prevented from shifting
towards the periphery with the first shafts 9 at the center.
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In the case where the third shafts 20 are male screws, in the
same manner as the second shafts 10 shown in FIG. 95, a third
shaft 20 has a structure with a head portion, a mid-diameter
shaft portion and a screw portion, and the detailed description
thereof and the drawings are omitted.

Embodiment 6-2

FIG. 96 is a plan diagram showing another structure of a
hole for preventing the position from shifting as viewed from
the top. In this display device, a long hole 75 is provided in a
location away from the hole 73 instead of the structure where
one of the second holes 76 provided in locations away from
the through holes 74 towards the periphery is a long hole 75,
and the long hole 75 is connected to the hole 73.

In this structure, the rigidity of the flat portion 71 around
the long hole 75 can be increased, and therefore even when a
load is applied to the edge of the long hole 75, the flatness of
the flat portion 71 can be easily maintained. In the embodi-
ment 6-2, one of the second holes 76 may be a long hole 75 or
a long hole 75 may be provided in a location away from a
second hole 76 towards the through hole 74.

Embodiment 6-3

FIG. 97 is a cross-sectional diagram showing another
structure of the first shaft portion and the second shaft portion
as viewed from the side. In this display device, a long hole 75
is provided so as to be connected to an end of a through hole
74 instead of the structure where a long hole 75 is provided in
alocation away from a through hole 74 towards the periphery.

One second position setting hole 85 is provided next to a
first position setting hole 84 in the plate 81. A second through
hole 4¢ is provided next to one through hole 44 in a light-
emitting diode substrate 4 so as to correspond to a second
position setting hole 85.

The collar portion 924 of a first shaft 9 is elliptical, and a
second shaft 10 is provided at an end of the collar portion 92a
in the longitudinal direction and is integrated with the collar
portion 92a. The second shaft 10 is a pin having a diameter
smaller than the width of the long hole 75 and is provided so
as to be parallel with the first shaft 9.

The long hole 75 is long in the direction in which the long
hole 75 is away from the center of the through hole 74, and the
width in the direction perpendicular to the direction in which
the long hole 75 is away from the center of the through hole 74
is narrow. The width of the long hole 75 is almost the same as
the diameter of the second shaft 10.

In this embodiment, when the first shaft 9 is inserted into
the first position setting hole 84, the second shaft 10 can be
inserted into the second position setting hole 85, and therefore
the second shaft 10 can be prevented from not being attached.
In addition, the number of steps of attaching the second shafts
10 can be reduced, and thus the efficiency in assembly can be
increased.

Embodiment 6-4

FIG. 98 is a schematic perspective diagram showing
another structure of the light source unit, and F1G. 99 is a front
diagram showing another structure of the portion for prevent-
ing the position from shifting of the light reflection sheet. In
this light source unit, a through hole 74 is provided at the
center of the flat portion 71, four narrow collar pieces 77 are
provided so as to continue to the outer edge of the square
frame 72 (B52) through folding lines 7a, long holes 78 are
provided at the two ends of each collar piece 77, and position
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setting protrusions 87 to be inserted into the long holes 78 are
provided in the collar pieces 83 in the corners of the support
8.

The collar pieces 77 include long collar pieces 77a that
continue to the rectangular flat portion 71 through a long side
and short collar pieces 775 that continue to the rectangular flat
portion 71 through a short side. The two ends of the long
collar pieces 77a are provided with long holes 78 that are long
in the longitudinal direction of the long collar pieces 774, and
the two ends of the short collar pieces 77b are provided with
long holes 78 that are long in the longitudinal direction of the
short collar pieces 776b.

The position setting protrusions 87 are smaller than the
long holes 78 and are formed by cutting and folding part of the
flange portion 83. Part of the periphery of the position setting
protrusions 87 makes contact with the edge of the long holes
78 so that the position of the light reflection sheet 7 can be
prevented from shifting towards the periphery, and the gap
between the position setting protrusions 87 and the long holes
78 can allow the light reflection sheet 7 to thermally expand
and contract in the configuration.

According to the present invention, long holes 78 are pro-
vided in the collar pieces 77 that are provided in the peripheral
portion of the display unit A and in the peripheral portion of
the support 8 so as not to affect the light reflection, and
therefore the light reflectance is not lowered by the long holes
78, which solely work as holes for preventing the position
from shifting, and thus the light reflection sheet can have a
higher reflectance of light.

Though in the above-described embodiments the through
hole 74 is provided at the center of the flat portion 71, this
through hole 74 may be provided in the flat portion 71 in such
alocation as to be away from the center towards the periphery,
and there are no particular limitations in the positional rela-
tionship between the through hole 74 and the long holes 75,
78.

Though in the above-described embodiments the holes for
preventing the position from shifting are long holes, the holes
for preventing the shifting may be in any form and not limited
to long holes as long as they can allow the light reflection
sheet to thermally expand and contract, and at the same time,
engage with the second position setting portions so as to
prevent the position of the light reflection sheet 7 from shift-
ing towards the periphery.

Though in the above-described embodiments the third
shafts 20 for securing the light-emitting diode substrates 4
also work as the second shafts 10 in the configuration, the first
shafts 9, the second shafts 10 and the third shafts 20 may be
different shaft members.

Though in the above-described embodiments the first
shafts 9 are first position setting portions and the second
shafts 10 are second position setting portions, the first posi-
tion setting portions and the second position setting portions
may be shaft members mounted on the plate 81 or shaft
members mounted on the light-emitting diode substrates that
are secured to the plate 81.

Embodiment 7

FIG. 100 is a cross sectional view showing main parts of a
structure of a light source device of an embodiment 7. FIG.
101 is a plan view of a part of the light source device, FIG. 102
is a plan view of the light source device with its part disas-
sembled, FIG. 103 is a plan view of a part of the light source
device, FIG. 104 is a partially enlarged plan view of the light
source device, FIG. 105 is an enlarged perspective view of a
connector, FIG. 106 is a plan view schematically showing a
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structure of the connector, FIG. 107 is a plan view showing
dimensional relationship of insertion holes, FIG. 108 is a
perspective view showing a configuration of light-emitting
diode substrates, onto which lenses are attached, and FIG.
109 is a cross sectional view showing an example of a fixture.

The light source device has a plurality of light-emitting
diodes 1 (B1) mounted on one surface 2a, and includes a
plurality of light-emitting diode substrates 2 (B3) that are
juxtaposed apart from one another; a plurality of lenses 3 (B2)
that are provided on the one surface 2qa of the light-emitting
diode substrate 2, oppose to top portions of respective light-
emitting diodes 1, and diffuse light which the light-emitting
diodes 1 emitted; a reflection sheet 4 (B5), mounted on the
one surface 2a of the light-emitting diode substrates 2 to
reflect the light that the light-emitting diodes 1 emitted,
including through holes 41 (B53), inside of which the lenses
3 are arranged; a plurality of connectors 5 (B4) connecting
together adjacent light-emitting diode substrates 2, 2; and a
support body 6 (B6) that is positioned on the other surface 26
side of the light-emitting diode substrates 2 and supports the
plurality of light-emitting diode substrates 2.

Each light-emitting diode substrate 2 (B3) has a circuit unit
on the one surface 2a, and configures a rectangular shape
(oblong shape) having larger ratio of length over width. On
the one surface 2a of each light-emitting diode board 2, the
plurality of light-emitting diodes 1 is arranged apart at a
substantially constant interval in a long direction. The light-
emitting diode substrate 2 is a single-sided board having a
conductive unit only on the one surface 24 side. The plurality
of rectangular-shaped light-emitting diode substrates 2 aligns
their long direction in the same direction, being spaced apart
in the long direction and the width direction, and is arranged
parallel on one surface 6a of the support body 6 having a
rectangular shape. In FIG. 102, an example is shown in which
a light-emitting diode substrate 2 onto which 6 pieces of the
light-emitting diodes 1 are arranged is provided at the center,
and on both sides thereof, light-emitting diode substrates 2
onto which 5 pieces of the light-emitting diodes 1 are
arranged are provided, where 8 lines of this three pieces of the
light-emitting diode substrates 2 connected in a line are jux-
taposed with substantially the same interval as the mounting
intervals of the light-emitting diodes 1 on the light-emitting
diode substrates 2. Further, the light-emitting diodes 1 on all
of'the light-emitting diode substrates 2 are two-dimensionally
arranged at substantially the same interval.

On both end portions of the light-emitting diode substrate
2 in the long direction of the one surface 2a, connecting
portions 21, 22 (B31, B32) are provided. The three pieces of
the light-emitting diode substrates 2 juxtaposed in a line have
the connecting portions 21, 21 of the adjacent light-emitting
diode substrates 2 connected via connectors 5. Further, as will
be described later, the connecting portion 22 of the light-
emitting diode substrate 2 positioned on one end of the line is
connected to a power circuit board via a connector, and the
connecting portion 22 of the light-emitting diode substrate 2
positioned on the other end of the line is connected to a short
connector.

Each connector 5 (B4) includes a plug 51 connected to one
of'the connecting portions 21 and a receptacle 52 connected to
the other of the connecting portions 21, and is formed in a
substantially rectangular shape. A plurality of pin electrodes
52a facing toward the long direction of the light-emitting
diode substrates 2 are formed in the receptacle 52, and a
plurality of metal fixtures 51a into which the respective pin
electrodes 52a of the receptacle 52 are to be inserted are
formed in the plug 51. The metal fixtures 51a of the plug 51
are connected to the one of the connecting portions 21 by a
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solder reflow processing, and the pin electrodes 52a of the
receptacle 52 are connected to the other of the connecting
portions 21 by the solder reflow processing. By attaching the
plug 51 to the receptacle 52 and inserting each of the pin
electrodes 52a of the receptacle 52 into the respective metal
fixtures 51a of the plug 51, the adjacent two pieces of light-
emitting diode substrate 2 are electrically connected.

The lenses 3 (B2) oppose to the top portions of the light-
emitting diodes 1 apart therefrom, and each includes a trans-
lucent portion 31 (B21) having a hemispheric recess for dif-
fusing the light that the light-emitting diodes 1 emitted to
every direction; and three positioning projections 32 (B22)
protruding toward the light-emitting diode substrate 2 from
the surface of the translucent portion 31 opposing the one
surface 2a, which position the lens 3 relative to the light-
emitting diode substrate 2; and tips of the positioning projec-
tions 32 are attached to the one surface 2a by adhesives. The
translucent portion 31 is formed somewhat smaller than the
through hole 41 of the reflection sheet 4.

The reflection sheet 4 (B5) has high reflectivity, is formed
of a sheet of composite resin sheet having a substantially a
rectangular shape corresponding to the support body 6, has
circular shapes with a somewhat larger diameter than the
translucent portions 31 at positions corresponding to each
lens 3, has through holes 41 arranged in a matrix formation
opened, and has second through holes 42 having a substan-
tially rectangular shape and into which the connectors 5 can
penetrate opened at portions corresponding to the connectors
5.

The support body 6 (B6) is formed of a metal plate,
includes a plate portion 61 (B61) having a substantially rect-
angular flat plate shape and a frame portion 62 (B62) along a
periphery edge of the plate portion 61, and supportingly
houses the light-emitting diode substrates 2 arranged in the
long direction and the width direction on the one surface 6a of
the plate portion 61.

At the one end and the other end in the long direction of
each rectangular-shaped light-emitting diode substrate 2,
insertion holes 2¢, 2d (B33, B34) for inserting the rivets 8
(B7) for causing the support body 6 to support the light-
emitting diode substrate 2 are opened. The dimension of the
insertion hole 2¢ (B33), one of the insertion holes 2¢, 24, is
smaller than the dimension of the insertion hole 24 (B34), the
other of the insertion holes 2¢, 2d. Specifically, the one inser-
tion hole 2¢ is a round hole with a diameter of 2¢1, and the
other insertion hole 24 has its dimension 241 in the substrate
width direction to be larger than the diameter 2¢1 of the
insertion hole 2¢ by a predetermined dimensional amount
(e.g. about 0.2 mm to 0.3 mm) and has an elongated round
shape that is elongated in the substrate long direction. Each
light-emitting diode substrate 2 is arranged such that the
insertion hole 2¢ with small diameter and the insertion hole 24
with large diameter are next to each other at the ends where
the light-emitting diode substrates 2 are connected.

Through holes 61a (B64) corresponding to the positions of
the insertion holes 2¢, 2d are formed on the plate portion 61 of
the support body 6, and the distance k between the centers of
the two insertion holes 2¢, 2d equals the interval between two
through holes 614 corresponding to the respective insertion
holes 2¢, 2d. That is, the positional relationship of the inser-
tion holes 2¢, 2d of each light-emitting diode substrate 2 and
the through hole 61a is set so that when the light-emitting
diode substrate 2 is aligned onto the support body 6 by coin-
ciding the hole positions of the insertion hole 2¢ and the
corresponding through hole 61a, the other corresponding
through hole 61a is positioned at the center of the larger
insertion hole 2d.
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As shown in FIG. 109, each rivet 8 (B7) includes a cylin-
drical part 81 (B71) having an outer diameter gl that can be
inserted into the insertion holes 2¢, 24 and the through holes
61a, a flange portion 81a (B71a) that cannot be inserted into
the insertion holes 2¢, 2d and the through holes 61a at its one
end, and an inner diameter g3 of the other end being smaller
than an inner diameter g2 of the one end; and a shaft part 82
(B72) that can be inserted into the one end of the cylindrical
part 81 and has a shaft portion 82a having larger diameter than
the inner diameter g3 on the other end, and a head portion 825
(B82a) that cannot be inserted into the insertion holes 2c¢, 2d
and the through holes 61a. The cylindrical part 81 and the
shaft part 82 are formed of composite resin material.

The reflection sheet 4 (B5) has third through holes 43 (B54)
having elongated hole shape and, a diameter larger than the
diameter of the head portion 825 of the shaft part 82, aligned
along with the through holes 41 opened at positions corre-
sponding to the rivets 8.

Next, a sequence for causing the support body 6 to support
the 3 pieces of light-emitting diode substrates 2 connected in
aline using the rivets 8 will be explained. Firstly, after having
positioned the insertion holes 2¢, 2d of each light-emitting
diode substrate 2 and the respective through hole 61a of the
support body 6, the cylindrical part 81 is inserted through the
small diameter insertion hole 2¢ and the through hole 61a
from the one surface 2a side of each light-emitting diode
substrate 2, and the flange portion 81a is caused to make
contact with the one surface 2a of the light-emitting diode
substrate 2. Next, when the shaft portion 82a of the shaft part
82 is inserted until when the head portion 826 makes contact
with the flange portion 81a of the cylindrical part 81, a distal
end portion of the cylindrical part 81 is expanded outward by
the shaft portion 82a of the shaft part 82. The distal end
portion of the cylindrical part 81 expanded outward retains
the shaft portion 824 of the shaft part 82 by pressing inwardly,
and cannot be inserted through the through holes 61a of the
support body 6; thereby each light-emitting diode substrate 2
is fixed to the support body 6 by the rivet 8.

After having attached the rivets 8 for the small diameter
insertion holes 2¢ as above, the rivets 8 are similarly attached
for the large diameter insertion holes 2d, thereby each light-
emitting diode substrate 2 is fixed to the support body 6 by the
rivets 8. Atthis occasion, if the positions of both substrates are
displaced from their appropriate positions during the connec-
tion of the adjacent light-emitting diode substrates 2 by the
connector 5, the through holes 61a of the support body 6 do
not come to the centers of the insertion holes 2d; however,
since the dimension of the insertion holes 24 in the width
direction of the substrate is made large, the through holes 61a
do not fall out of the range of the insertion holes 2d; and the
rivets 8 can be attached by inserting through the insertion
holes 2d and the through holes 61a.

After having attached the rivets 8 for all of the insertion
holes 2¢, 2d of the light-emitting diode substrates 2, the
reflection sheet 4 is mounted by being opposed to the light-
emitting diode substrates 2 in a state where the lenses 3 are
inserted through the through holes 41, the connectors 5 are
inserted through the second through holes 42, and the respec-
tive rivets 8 are inserted through the third through holes 43.

FIG. 110 is a cross sectional view showing a configuration
of a display device including the light source device of the
present invention. The display device includes a display
screen face 72a on the front side; a display unit 70 (A) having
a substantially rectangular parallelepiped shape; a light
source device A (B) arranged behind the display unit 70; and
acabinet 71 (D) hiding a periphery edge portion of the display
unit 70 and the rear side of the light source device A.
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The display unit 70 includes a display panel 72 (A1) having
the display surface 72a, and an optical sheet 73 (C) arranged
behind the display panel 72. The periphery edge portion of the
display panel 72 is fixedly retained at its front and rear
between a front retaining frame 74 (A2) and a rear retaining
frame 75 (A3), configuring a panel module, and the rear
retaining frame 75 is attached to the periphery edge portion of
the support body 6.

The optical sheet 73 is alaminate body in which a relatively
thick diffusion plate that diffuses the light emitted by the
light-emitting diodes 1 as the light source, and a relatively
thin composite resin sheet such as a reflective polarizing
plate, a prism sheet, a diffusion sheet, etc. are laminated. The
periphery edge portion of the optical sheet 73 is fixedly
retained between the frame portion 62 of the support body 6
and the rear retaining frame 75.

The cabinet 71 (D) includes a cabinet front divided unit 71a
(D1) that hides the front side of the periphery edge portion of
the display unit 70, and a cabinet rear divided unit 7156 (D2)
having a basin shape that hides the periphery edge portion and
the rear side of the light source device A, and is attached to the
frame portion 62 of the support body 6 by a male screw.

Notably, although a depiction thereof'is omitted, the power
circuit board that is to be connected to a connector electrode
22 ofthe light-emitting diode board 2 by the second connector
(B41) is attached at one side portion in the long direction of
the other surface 65 of the plate portion 61. On the other side
portion in the long direction, a control circuit board that
performs driving and control of the display unit is attached.
Further, at the center portion in the long direction of the other
surface of the plate portion 61, a signal process circuit board
that processes image signals to be displayed on the display
screen face of the display unit is attached.

In the embodiment 7 above, the fixture is configured of the
rivet 8 formed of two components: the cylindrical part 81 and
the shaft part 82, however, the fixture may be a rivet formed of
a single component; further, aside from the rivet, it may be
configured of a screw, a bolt and a nut, etc.

Further, in the embodiment 7 above, it is configured such
that, with the third through hole 43 having larger diameter
than the diameter of the head portion 825 of the rivet 8 being
provided and the head portion 825 being arranged inside the
third through hole 43, the expansion and contraction of the
reflection sheet 4 caused by thermal expansion is allowed,
however, as an alternative of this, the diameter of the head
portion 825 may be larger than the third through hole 43, the
outer periphery portion of the head portion 825 may opposeto
the circumference of the third through hole 43 in the thickness
direction while being apart therefrom, and the head portion
825 may prevent the reflection sheet 4 from being lateralized
toward the direction of recessing from the light-emitting
diode substrates 2.

In the embodiment 7 above, the two insertion holes 2¢, 2d
are formed at the respective ends in the long direction of the
rectangular-shaped light-emitting diode substrate 2, however,
as are exemplified in FIG. 111A, FIG. 111B, three or more
insertion holes 2¢, 2d may be formed at a plurality of posi-
tions on the light-emitting diode substrate 2 in the long direc-
tion. FIG. 111 A shows an example in which the insertion hole
2¢ with small dimension is formed not at the ends in the long
direction but at an inner position of the light-emitting diode
substrate 2, and the insertion holes 24 with large dimension
being formed at the respective ends in the long direction; FI1G.
111B shows an example in which the insertion hole 2¢ with
small dimension is formed not at the ends in the long direction
but at an inner position of the light-emitting diode substrate 2,
and the insertion holes 2d with large dimension being formed
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at three positions including the respective ends in the long
direction. Notably, although a depiction thereof is omitted,
through holes with larger diameter than the diameter of the
head portion 825 of the shaft part 82 of the rivet 8 are opened
on the reflection sheet 4 corresponding to the positions of the
respective insertion holes 2¢, 2d. In the present embodiment,
in connecting a plurality of rectangular light-emitting diode
substrates 2 in a line, the end portions of the light-emitting
diode substrates 2 having the insertion holes 24 with larger
dimension are arranged to be adjacent to one another; thereby
the positional displacement of the light-emitting diode sub-
strates 2 caused by connections using the connector can more
surely be absorbed.

In the embodiment 7 above, the light source device of the
present invention is adapted for illumination in the display
panel in a liquid crystal display device, however, it may be
adapted for illumination in a display panel in a display device
with other light-emission schemes other than the liquid crys-
tal display device.

Embodiment 8

FIG. 112 is a cross sectional view showing main parts of a
structure of a light source device of the embodiment 8, FIG.
113 is aplan view of a part of the light source device, F1G. 114
is a plan view of the light source device with its part disas-
sembled, FIG. 115 is a plan view of a part of the light source
device, FIG. 116 is a partially enlarged plan view of the light
source device, FIG. 117 is a perspective view showing a
configuration of light-emitting diode substrates, onto which
lenses are attached, FIG. 118 is a cross sectional view show-
ing a structure of rivets, FIG. 119 is a plan view along a line
V-V in FIG. 118, and FIG. 120 is a cross sectional view of a
positional relationship of the rivets and the lenses.

The light source device has a plurality of light-emitting
diodes 1 (B1) mounted on one surface 2a, and includes a
plurality of light-emitting diode substrates 2 (B3) that are
juxtaposed apart from one another; a plurality of lenses 3 (B2)
that are provided on the one surface 2qa of the light-emitting
diode board 2, opposes to top portions of respective light-
emitting diodes 1, and diffuses light which the light-emitting
diodes 1 emit; a reflection sheet 4 (BS), mounted on the one
surface 2a of the light-emitting diode substrates 2 to reflect
the light that the light-emitting diodes 1 emit, including
through holes 41 (B53), inside of which the lenses 3 are
arranged; and a support body 6 (B6) that is positioned on the
other surface 25 side of the light-emitting diode substrates 2
and supports the plurality of light-emitting diode substrates 2.

Each light-emitting diode substrate 2 (B3) has a circuit unit
on the one surface 2a, and configures a rectangular shape
(oblong shape) having larger ratio of length over width. On
the one surface 2a of each light-emitting diode substrate 2, the
plurality of light-emitting diodes 1 are arranged apart at a
substantially constant interval in a long direction. The light-
emitting diode substrate 2 is a single-sided board having a
conductive unit only on the one surface 24 side. The plurality
of rectangular-shaped light-emitting diode substrates 2 align
their long direction in the same direction, being spaced apart
in the long direction and the width direction, and are arranged
parallel on a one surface 6a of the support body 6 having a
rectangular shape. In FIG. 114, an example is shown in which
a light-emitting diode substrate 2 onto which 6 pieces of the
light-emitting diodes 1 are arranged is provided at the center,
and on both sides thereof, light-emitting diode substrates 2
onto which 5 pieces of the light-emitting diodes 1 are
arranged are provided, where 8 lines of this three pieces of the
light-emitting diode substrates 2 connected in a line are jux-
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taposed with substantially the same interval as the mounting
intervals of the light-emitting diodes 1 on the light-emitting
diode substrates 2. Further, the light-emitting diodes 1 on all
of'the light-emitting diode substrates 2 are two-dimensionally
arranged at substantially the same interval.

On both end portions of the light-emitting diode substrate
2 in the long direction of the one surface 2a, connecting
portions 21,22 (B31, B32) are provided. The three pieces of
the light-emitting diode substrates 2 juxtaposed in a line have
the connecting portions 21, 21 of the adjacent light-emitting
diode substrates 2 connected via connectors 5 (B4). Further,
as will be described later, the connecting portion 22 of the
light-emitting diode substrate 2 positioned on one end of the
line is connected to a power circuit board via a connector, and
the connecting portion 22 of the light-emitting diode sub-
strate 2 positioned on the other end of the row is connected to
a short connector.

The lenses 3 (B2) are arranged apart from the one surface
2a of the light-emitting diode substrates 2 and oppose to the
top portions of the light-emitting diodes 1 apart therefrom,
and each includes a translucent portion 31 (B21) having a
hemispheric recess 31a for diffusing the light that the light-
emitting diodes 1 emit to every direction; and three position-
ing projections 32 protruding toward the light-emitting diode
substrate 2 from a surface 315 of the translucent portion 31
opposing the one surface 2a of the light-emitting diode sub-
strates 2, which position the lens 3 relative to the light-emit-
ting diode substrate 2; and tips of the positioning projections
32 are attached to the one surface 2a of the light-emitting
diode substrates 2 by adhesives.

The reflection sheet 4 (B5) has high reflectivity, is formed
of a sheet of composite resin sheet having a substantially a
rectangular shape corresponding to the support body 6, has a
circular shape with a somewhat larger diameter than the trans-
lucent portion 31 at position corresponding to each lens 3, has
through holes 41 arranged in a matrix formation opened, and
has second through holes 42 having a substantially rectangu-
lar shape and into which the connectors 5 can penetrate
opened at portions corresponding to the connectors 5. The
through holes 41 are formed somewhat larger than the trans-
lucent portions 31 of the lenses 3.

The support body 6 (B6) is formed of a metal plate,
includes a plate portion 61 (B61) having a substantially rect-
angular flat plate shape and a frame portion 62 (B62) along a
periphery edge of the frame portion 61, and supportingly
houses the light-emitting diode substrates 2 arranged in the
long direction and the width direction on the one surface 6a of
the plate portion 61.

At the one end and the other end in the long direction of
each rectangular-shaped light-emitting diode substrate 2,
insertion holes 2¢, 2d (B33, B34) for inserting the rivets 8
(B7) for causing the support body 6 to support the light-
emitting diode substrate 2 are opened. The insertion hole 2¢
(B33), one of the two insertion holes 2¢, 2d, is a round hole,
whereas the insertion hole 24 (B34), the other of the insertion
holes 2¢, 2d, has an elongated round shape that is elongated in
the substrate long direction. Through holes 61a (B64) corre-
sponding to the positions of the respective insertion holes 2c,
2d are formed on the plate portion 61 of the support body 6.

Each rivet 8 (B7) includes a cylindrical part 81 (B71)
having an outer diameter gl that can be inserted into the
insertion holes 2¢, 2d of the light-emitting diode substrate 2
and the through holes 61a of the support body 6, a flange
portion 81a (B71a) that cannot be inserted into the insertion
holes 2¢, 2d and the through holes 614 at its one end, and an
inner diameter g3 of'the other end being smaller than an inner
diameter g2 of the one end; and a shaft part 82 (B72) that can
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be inserted into the one end of the cylindrical part 81 and has
larger diameter than the inner diameter g3 on the other end,
and at one end of the shaft part 82, a head portion 82a (B72a)
that cannot penetrate through the through holes 2¢, 24 and the
through holes 61a is formed. The head portion 82a has a
round plate shape having an annular convex portion that
convexes on its outer periphery side on the shaft part 82 side.
The cylindrical part 81 and the shaft part 82 are formed of
composite resin material.

The head portion 82a of the rivet 8 has a plurality of
grooves 826 (B74) opened to the outer periphery portion
formed on a side opposing the one surface 2a of the light-
emitting diode substrate 2. Specifically, the annular convex
portion is configured such that three radial grooves 825 hav-
ing their center at a center side position 82 of the head portion
82a where the shaft part 82 is connected are formed at sub-
stantially 120 degrees to one another. Each groove 825 has a
predetermined width.

A bottom portion of each groove 825 is positioned on the
one surface 2a side of the light-emitting diode substrate 2 than
aposition of an outer periphery side end portion of an oppos-
ing surface 315 of the translucent portion 31 of the lens 3
opposed to the one surface 2a of the light-emitting diode
board 2. FIG. 120 shows an example in which the bottom
portion of the groove 8254 is offset from the position of the
outer periphery side end portion of the opposing surface 315
of'the translucent portion 31 toward the one surface 2a side by
a distance k. Due to this, the light emitted from the outer
periphery of the translucent portion 31 is not incident to the
inside of the groove 8254, but is reflected on an outer surface of
the head portion 82a of the rivet 8, or is penetrated without
being reflected, in either case becomes an illumination.

The reflection sheet 4 has third through holes 43 (B54)
having elongated hole shape and, a diameter larger than the
diameter of the head portion 8254, aligned along with the
second through holes 42 opened at positions corresponding to
the rivets 8.

Next, a sequence for causing the support body 6 to support
the 3 pieces of light-emitting diode substrates 2 connected in
aline using the rivets 8 will be explained. Firstly, after having
positioned the insertion holes 2¢, 2d of each light-emitting
diode substrate 2 and the respective through hole 61a of the
support body 6, the cylindrical part 81 is inserted through the
insertion hole 2¢ and the through hole 61a from the one
surface 2a side of each light-emitting diode substrate 2, and
the flange portion 81a is caused to make contact with the one
surface 2a of the light-emitting diode substrate 2. Next, when
the shaft part 82 is inserted until when the head portion 82a
makes contact with the flange portion 81« of the cylindrical
part 81, a distal end portion of the cylindrical part 81 is
expanded outward by the distal end portion of the shaft part
82. The distal end portion of the cylindrical part 81 expanded
outward retains the distal end portion of the shaft part 82 by
pressing inwardly, and the head portion 82a cannot be
inserted through the through holes 614 of the support body 6;
thereby each light-emitting diode substrate 2 is fixed to the
support body 6 by the rivet 8. After having attached the rivets
8 for the round insertion holes 2¢ as above, the rivets 8 are
similarly attached for the elongated insertion holes 2d,
thereby each light-emitting diode substrate 2 is fixed to the
support body 6 by the rivets 8.

After having attached the rivets 8 for all of the insertion
holes 2¢, 2d, the reflection sheet 4 is mounted by being
opposed to the light-emitting diode substrates 2 in a state
where the lenses 3 are inserted through the through holes 41,
the connectors 5 are inserted through the second through
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holes 42, and the respective rivets 8 are inserted through the
third through holes 43, thereby completing the light source
device.

Next, a sequence for releasing the state in which the respec-
tive light-emitting diode substrates 2 are fixed to the support
body 6 by the rivets 8 will be explained. For example, as
shown in FIG. 116, of the three grooves 826 formed on the
head portion 82a, since one groove 825 is positioned on a side
adjacent to the lens 3, a screwdriver cannot be inserted into the
groove 826 for the lens 3 which becomes an obstacle. How-
ever, as to the two grooves 826 maintaining 120 degrees
relative to the groove 825, the lens 3 will not be an obstacle,
sothe screwdriver can be inserted into one ofthe grooves 825,
and when the head portion 82a is compulsorily moved to the
side recessing from the light-emitting diode substrate 2, the
distal end portion of the cylindrical part 81 that had been
expanded outward returns to its original diameter, penetrating
the through holes 61a of the support body 6 and the through
holes 2¢, 2d of the light-emitting diode substrate 2, thereby
the fixed state of the light-emitting diode substrate 2 and the
support body 6 is released.

FIG. 121 is a cross sectional view showing a configuration
of a display device including the light source device of the
embodiment 8. The display device includes a display screen
face 72a on the front side; a display unit 70 (A) having a
substantially rectangular parallelepiped shape; a light source
device A (B) arranged behind the display unit 70; and a
cabinet 71 (D) hiding a periphery edge portion of the display
unit 70 and the rear side of the light source device A.

The display unit 70 includes a display panel 72 (A1) having
the display surface 72a, and an optical sheet 73 (C) arranged
behind the display panel 72. The periphery edge portion of the
display panel 72 is fixedly retained at its front and rear
between a front retaining frame 74 (A2) and a rear retaining
frame 75 (A3), configuring a panel module, and the rear
retaining frame 75 is attached to the periphery edge portion of
the support body 6.

The optical sheet 73 is alaminate body in which a relatively
thick diffusion plate that diffuses the light emitted by the
light-emitting diodes 1 as the light source, and a relatively
thin composite resin sheet such as a reflective polarizing
plate, a prism sheet, a diffusion sheet, etc. are laminated. The
periphery edge portion of the optical sheet 73 is fixedly
retained between the frame portion 62 of the support body 6
and the rear retaining frame 75.

The cabinet 71 (D) includes a cabinet front divided unit 71a
(D1) that hides the front side of the periphery edge portion of
the display unit 70, and a cabinet rear divided unit 7156 (D2)
having a basin shape that hides the periphery edge portion and
the rear side of the light source device A, and is attached to the
frame portion 62 of the support body 6 by a male screw.

Notably, although a depiction thereof'is omitted, the power
circuit board that is to be connected to a connector electrode
22 of the light-emitting diode substrate 2 by the second con-
nector (B41) is attached at one side portion in the long direc-
tion of the other surface 65 of the plate portion 61. On the
other side portion in the long direction, a control circuit board
that performs driving and control of the display unit is
attached. Further, at the center portion in the long direction of
the other surface 65 of the plate portion 61, a signal process
circuit board that processes image signals to be displayed on
the display screen face of the display unit is attached.

Next, another embodiment of the rivets 8 will be explained.
FIG. 122 is a plan view showing a rear face side of a head
portion of a rivet in a variant light source device of the
embodiment 8, FIG. 123 is a partially enlarged plan view of
the another light source device. In this another embodiment,
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the annular convex portion of the head portion 82a of the rivet
8 (B7) includes two radial grooves 82¢ having their center at
a center side position 82 of the head portion 82a where the
shaft part 82 is connected are formed at substantially 90
degrees to one another. As shown in FIG. 123, one of the two
grooves 82¢ (B74) is positioned on a side adjacent to the lens
3, so even in the case where a screwdriver cannot be inserted
into the lens 3 (B2) being an obstacle, the lens 3 will not be an
obstacle for the other of the grooves 82¢, and the screwdriver
can be inserted thereinto.

Next, another, second embodiment of the rivets 8 will be
explained. F1G. 124 is a plan view showing a rear face side of
a head portion of a rivet in a second another light source
device of the embodiment 8. In this another, second embodi-
ment, the annular convex portion of the head portion 82a of
the rivet 8 (B7) includes two radial grooves 824 having their
center at a center side position 82 of the head portion 82a
where the shaft part 82 is connected are formed at substan-
tially 60 degrees to one another. Similar to the above another
embodiment, one of the two grooves 82d is positioned on a
side adjacent to the lens 3, so even in the case where a
screwdriver cannot be inserted, the screwdriver can be
inserted into the other groove 82d. Note that, as for the angle
between the plurality of grooves, any given angle other than
120 degrees, 90 degrees, and 60 degrees may be employed. In
such cases, in order to avoid a state in which the screwdriver
cannot be inserted into the plurality of grooves at an instant, of
the plurality of grooves, at least one needs to be positioned off
of a straight line that connects the center side position of the
head portion 82a where the shaft portion 82 is connected and
the other groove.

In the embodiment 8 above, it is configured such that, with
the third through hole 43 having larger diameter than the
diameter of the head portion 824 of the rivet 8 being provided
and the head portion 82a being arranged inside the third
through hole 43, the expansion and contraction of the reflec-
tion sheet 4 caused by thermal expansion is allowed, however,
as an alternative of this, the diameter of the head portion 82a
may be larger than the third through hole 43, the outer periph-
ery portion of the head portion 82a may oppose to the cir-
cumference of the third through hole 43 in the thickness
direction while being apart therefrom, and the head portion
825 may prevent the reflection sheet 4 from being lateralized
toward the direction of recessing from the light-emitting
diode substrates 2.

Further, in the embodiment 8 above, the light source device
of the present invention is adapted for illumination in the
display panel in a liquid crystal display device, however, it
may be adapted for illumination in a display panel in a display
device with other light-emission schemes other than the lig-
uid crystal display device.

Embodiment 9

FIG. 125 is avertical cross sectional view showing a partial
configuration of a display device 7 including a light source
device 1 of an embodiment of the present invention. The left
and right direction in FIG. 125 is equivalent to the front and
rear direction of the display device 7, more specifically the
light source device 1.

FIG. 126 and FIG. 127A are horizontal cross sectional
view showing a configuration of a connecting portion of
circuit boards 2, 2 that the light source device 1 includes and
a front view thereof, and FI1G. 127B is a front view showing a
relationship of the circuit boards 2, 2 and attachment mem-
bers 6 that the light source device 1 includes. The up and down
direction in FIG. 126 is equivalent to the front and rear direc-
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tion of the display device 7, more specifically the light source
device 1 (B). Further, FIG. 126 corresponds to a cross sec-
tional view along a line VI-VI in FIG. 127A.

FIG. 128 is a plan view schematically showing a state in
which the circuit boards 2, 2, . . . are arranged in parallel, and
showing a state before a reflection sheet 4 is attached to the
attachment member 6.

As shown in FIG. 125, the display device 7 includes a
display unit 70 (A); a cabinet 71 (D); a front side frame 72
(A2) and a rear side frame 73 (A3); and a light source device
1(B).

Hereinafter, firstly, the configuration of the light source
device 1 will be explained.

As shown in FIG. 125 to FIG. 128, the light source device
1 (B) includes a plurality pieces of circuit boards 2, 2, . . .
(B3); a reflection sheet 4 (B5); and an attachment member 6
(B6).

Each circuit board 2 (B3) is formed in a rectangular plate
shape that extends in the left and right direction, has a first
connecting portion (e.g. a male connecting portion) 21
mounted ona right end portion of a front face 2a, and a second
connecting portion (e.g. a female connecting portion) 22
mounted onaleft end portion ofthe front face 2a. That is, a off
direction of the first and second connecting portions 21, 22 is
the left and right direction.

Further, on an upper face 2a between the first and second
connecting portions 21, 22 (B31, B32) of the circuit board 2,
a plurality (5 pieces in FIG. 128) of light-emitting units 23,
23, ... (B1) is mounted thereon by being appropriately apart
in the long direction.

Further, a driver (not shown) for driving the light-emitting
units 23, 23, . . . is mounted on the circuit board 2.

Here, each light-emitting unit 23 (B1) includes a light-
emitting diode.

Moreover, on the front face 2a of each circuit board 2, a
plurality of lenses 24, 24, . . . (B2) each corresponding to the
respective light-emitting units 23, 23, . . . is provided. Each
lens 24 is formed in a circular shape, and is arranged to oppose
to a top portion of the light-emitting unit 23. The lens 24
diffuses the light emitted by the light-emitting unit 23.

The attachment member 6 (B6) is rectangular plate shaped,
formed of a metal plate, and includes a flat plate portion 61
(B61) having a rectangular flat plate shape; and a frame
portion 62 (B62) connecting to a peripheral edge of the flat
plate portion 61. The long direction (or the short direction) is
equivalent to the left and right direction (or the up and down

direction).
On a front face 6a of the flat plate portion 61, the circuit
boards 2, 2, . . . are mounted in a state of being juxtaposed in

a matrix formation. As a result, the light-emitting units 23,
23, ... (B1) are arranged in the matrix formation. FIG. 128
shows an example of a state in which the circuit boards 2,
2, ...arearranged by 2 in the left and right direction and 5 in
the up and down direction.

Further, at a back face left end portion of the attachment
member 6, a power circuit board (B10a) (not shown) for
supplying power to drivers of the respective circuit boards 2,
2, ...1is attached. Further, at a back face right end portion of
the attachment member 6, a control circuit board for execut-
ing drive and control of the display unit 70 is attached.

In the circuit boards 2, 2, . . . that are adjacent in the left and
right direction, the first connecting portion 21 of the circuit
board 2 arranged on the left side and the second connecting
portion 22 of'the circuit board 2 arranged on the right side are
electrically connected via a first connector 25 (B4) for bridg-
ing the first and second connecting portions 21, 22.
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Further, each of the second connecting portions 22, 22, . ..
of'the circuit boards 2, 2, . . . arranged on the leftmost side in

the flat plate portion 61 is electrically connected to the power
circuit board via a second connector (B41) (not shown).

Moreover, each of the second connecting portions 22,
22, ...ofthe circuitboards 2, 2, . . . arranged on the rightmost
side in the flat plate portion 61 is electrically connected to a
short connector.

The reflection sheet 4 (B5) is formed of a composite resin
sheet, and at least a front face of the reflection sheet 4 has high
reflectivity in order to reflect the light emitted by the light-
emitting units 23, 23, . . . . Further, the reflection sheet 4 is
formed of a rectangular shape corresponding to the shape of
the attachment member 6, and is attached on the front face
side of the attachment member 6.

On the reflection sheet 4, at positions corresponding to the
arranged positions of the lenses 24, 24, . . ., circular-shaped
through holes 41, 41, . . . (B53) are formed. Further, on the
reflection sheet 4, at positions corresponding to the arranged
positions of first connectors 25, 25, . . ., rectangular-shaped
through holes 42, 42, . . . are formed.

The reflection sheet 4 is laminated on the respective front
faces 2a,2a, . . . of the circuit boards 2, 2, . . . ina state in which
the lenses 24, 24, . . . are arranged inside the through holes 41,
41, . . . and the first connectors 25, 25, . . . are arranged inside
the through holes 42,42, . . ..

Next, the configuration of the display device 7 shown in
FIG. 125 will be explained. The light source device 1 (B) is
arranged on a back face side of the display unit 70 so as to
illuminate the display unit 70 (A).

The display unit 70 has a rectangular shape, and includes a
display panel 701 (A1) and an optical sheet 702 (C).

The display panel 701 is e.g. a liquid crystal display panel,
and a front surface of the display panel 701 configures a
display surface 7a for displaying images.

The optical sheet 702 is arranged opposing to the back face
of'the display panel 701 and in between the display panel 701
and the lenses 24, 24, . . ., and diffuses the light emitted by the
light-emitting units 23, 23, . . . . The optical sheet 702 is a
laminated body in which a relatively thick diffusion plate, and
a relatively thin composite resin sheet configured with a
reflective polarizing plate, a prism sheet, or a diffusion sheet,
etc. are laminated.

The display panel 701 configures a panel module by the
peripheral edge portion of the display panel 701 being fixedly
retained at its front and rear by the front side frame 72 and the
rear side frame 73.

The rear side frame 73 is attached to the frame portion 62
of the attachment member 6, and the optical sheet 702 is
fixedly retained by the rear side frame 73 and the frame
portion 62 at the front and rear.

The cabinet 71 (D) houses the panel module, the optical
sheet 702, and the light-emitting element 1 in a state where the
display surface 7a is exposed from a front face opening and
remainders other than the display surface 7a are hidden.

At the center portion in the left and right direction at the
back face of the flat plate portion 61 of the attachment mem-
ber 6 (B6), the signal process circuit board for processing
image signals to be displayed on the display surface of the
display panel 701 is attached.

In manufacturing the light source device 1 of the display
device 7 as aforementioned, the manufacturer attaches the
circuit boards 2, 2, . . . (B3) to the flat plate portion 61 (B61)
of the attachment member 6 (B6). In attaching each circuit
board 2, marks 31, 32, 33 (B38, B35) as shown in FIG. 126 to
FIG. 128 are formed on each circuit board 2 so that the
manufacturer can easily and accurately recognize the orien-
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tation in the left and right (hereafter referred to simply as
orientation of the circuit boards 2).

The marks 31, 32, 33 are each recess shaped and show the
orientation of the circuit board 2.

The marks 31, 32 (B38) are arranged in the vicinity of the
first connecting portion 21. The mark 31 is a rectangular-
shaped notched portion that penetrates from the front face 2a
of'the circuit board 2 to its back face at the upper end portion
of'the circuit board 2. Similarly, the mark 32 is a rectangular-
shaped notched portion at the lower end portion of the circuit
board 2.

The mark 33 (B35) is arranged in the vicinity of the second
connecting portion 22. The mark 33 is a round-shaped hole
that penetrates from the front face 2a of the circuit board 2 to
its back face at the center portion in the up and down direc-
tion.

The inner diameter of the mark 33 is larger than the inner
size of the marks 31, 32.

The marks 31, 32 and mark 33 as aforementioned are
formed respectively at the right end portion and the left end
portion (in other words, one end and the other end in the left
and right direction in the circuit board 2) with different num-
ber of pieces, dimension, and shape.

Due to this, the operator can easily and accurately recog-
nize that the side where the marks 31, 32 are formed in the
circuit board 2 is the right side, and the side where the mark 33
is formed in the circuit board 2 is the left side

Notably, the marks 31, 32 and mark 33 may have the same
dimension and/or shape. Further, in the case where the dimen-
sion and/or shape are different, the number of pieces of the
marks formed on the right side and the number of pieces of the
marks formed on the left side of the circuit board 2 may be the
same.

On the other hand, at respective attaching positions on the
attachment member 6 (B6) for the circuit board 2, indexes 51,
52,53 (B69b, B68) are formed thereon.

The indexes 51, 52, 53 are each convex shaped and show
the attaching positions of the circuit board 2, each of which
are protrudingly formed on the front face 6a of the flat plate
portion 61. The indexes 51, 52, 53 may be integrally formed
with the flat plate portion 61, and may alternatively be con-
figured by a member that is separate from the attachment
member 6 being fixed to the front face 6a.

The indexes 51, 52 (B695) are arranged in the vicinity of
the arranged position of the first connecting portion 21. The
index 53 is arranged in the vicinity of the arranged position of
the second connecting portion 22. The distances between the
indexes 51, 52, 53 correspond to the distances between the
marks 31, 32, 33.

The index 51 (or the index 52) is formed in a square
columnar shape, and engages with the mark 31 (or the mark
32) by being fitted therein. The index 53 is formed in a round
columnar shape, and engages with the mark 33 by being fitted
therein. That is, the indexes 51, 52, 53 have the number of
pieces, dimension and shape corresponding to the marks 31,
32, 33 to which they are to be engaged.

By seeing the marks 31, 32, 33 and contacting fingers to the
marks 31, 32, 33, the operator can be prevented from an
erroneous judgment in the orientation of the circuit board 2.
Further, by seeing the indexes 51, 52, 53 directly or through
the marks 31, 32, 33 and by contacting fingers or the circuit
board 2 to the marks 31, 32, 33, the attaching position of the
circuit board 2 can easily and accurately recognized.

Further, the operator can position the circuit board 2 easily
and accurately, yet further uniquely by contacting the circuit
board 2 to the attachment member 6 such that the indexes 51,
52, 53 are fitted into the marks 31, 32, 33.
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Accordingly, the operator can attach the circuit board 2
having been arranged in the correct orientation at the correct
position onto the attachment member 6. In this case, the
operator fixes the circuit board 2 onto the flat plate portion 61
e.g. by using a plurality of rivets (B7) (not shown).

At this occasion, the circuit board 2 is prevented from
erroneously being attached with its left and right wrong. This
is because the number of pieces, dimension and shape of the
marks 31, 32, 33 and the indexes 51, 52, 53 differ in the left
side and the right side of the circuit board 2.

In a case where the mark 33 and the index 53 are not
formed, the marks 31, 32 may be regarded as showing the
orientation of the circuit board 2 by making the outer periph-
ery shape of the circuit board 2 differ in the right end portion
and the left end portion. In this case, the operator can judge
easily and accurately that the side of the circuit board 2 onto
which the marks 31, 32 are formed is the right side, and the
side of the circuit board 2 onto which the marks 31, 32 are not
formed is the left side.

Further, the operator can position the circuit board 2 easily
and accurately, yet further uniquely by contacting the circuit
board 2 to the flat plate portion 61 such that the indexes 51, 52
are fitted into the marks 31, 32.

The present embodiment 9 exemplifies a configuration in
which a plurality of marks and an equaling number of indexes
are formed in the circuit board 2 and the attachment member
6, however, it is not limited to this. For example, the configu-
ration may be that in which one of the marks 31, 32, 33 and
one of the corresponding indexes 51, 52, 53 are formed. In
this case also, the orientation of the circuit board 2 can be
judged easily and accurately, and the circuit board 2 can be
positioned.

The marks formed on the circuit board 2 may be configured
to be used only for the confirmation of the orientation of the
circuit board 2 and not to be used for the positioning. In this
case, the indexes corresponding to the marks do nothave to be
formed on the attachment member 6. Further, the marks may
have a convex shape. Alternatively, the marks may be config-
ured such that a corner portion of the right end portion of the
circuit board 2 is formed in a right-angled shape whereas a
corner portion of the left end portion of the circuit board 2 is
formed in an arc shape; or, the marks may be configured such
that concavo-convex pattern is formed on the right end face of
the circuit board 2 whereas the left end face is formed
smoothly, etc.

The manufacturing operation of the light source device 1 as
aforementioned, further regarding the manufacturing opera-
tion of the display device 7 has an improved efficiency in the
attaching operation of the circuit boards 2, 2, . . ..

Incidentally, the positioning of the circuit board 2 is also
possible by printing a mark for positioning on each of the
circuit board 2 and the attachment member 6. However, in this
case, when the mark printed on the attachment member 6 is
hidden by the circuit board 2 that is to be attached, it is
required to confirm the presence or absence of the mark
printed on the attachment member 6 and/or the printed posi-
tion, etc. by retreating the circuit board 2 from the attaching
position all of the time.

That is, it is advantageous for improving the operation
efficiency to form the convex-shaped indexes 51, 52, 53 on
the attachment member 6 by which the presence or absence
and/or the formed position is easier to be recognized by the
sense of touch.

Generally, the colors of the circuit board 2, the attachment
member 6 and the first connector 25, etc. are respectively a
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color that reflects the light emitted by the light-emitting units
23, 23, . .. (e.g. white), or that is difficult to absorb the same
(e.g. cream).

The peripheral portions of the marks 31, 32, 33 and the
indexes 51, 52, 53 in the present embodiment are the same
color as the circuit boards 2 and the attachment member 6,
however, for the purpose of improving the visibility thereof,
the colors of the peripheral portions of the marks 31, 32, 33
and/or the tip ends of the indexes 51, 52, 53 may be a different
color from the color of the circuit boards 2 and the attachment
member 6. It should be noted that this color is limited to colors
that reflect the light emitted by the light-emitting units 23,
23, ..., or that is difficult to absorb the same. Notably, in the
case where the marks 31,32, 33 and the indexes 51, 52, 53 are
arranged at positions that will be hidden by the reflection
sheet 4, a limitation to the colors will not be needed.

Further, in the embodiment 9, the circuit boards 2, 2, . . . are
juxtaposed at an equaling interval in a plurality of rows,
however, aside from this, the circuit boards 2, 2, . . . may be
arranged such that a offset dimension on the center side of a
juxtaposing direction is short, and the offset dimension on the
both sides of the juxtaposing direction is long.

The embodiment 9 disclosed herein is an example in its all
aspects, and should not be regarded as being restrictive. The
scope of the present invention does not mean as above, and is
intended to include meanings equivalent to the scope of the
claims, and all of the modifications made within the scope of
the claims. For example, the orientation of the circuit board 2
is not limited to the orientation in the left and right direction,
and may be an orientation in the up and down direction. That
is, the first and second connecting portions 21, 22 may be
configured to be arranged apart in the up and down direction.

Further, in so far as to the effect of the present invention, the
light source device 1 or the display device 7 may include
configuration elements that are not disclosed in the embodi-
ment 9.

Embodiment 10

FIG. 129 is a plan view of an illumination device in accor-
dance with the present invention. The illustrated illumination
device is constructed as a backlight device which is arranged
in the rear of a liquid crystal display panel, and is used so as
to apply light uniformly to a whole surface of the liquid
crystal display panel, has a rectangular planar shape which
corresponds to the liquid crystal display panel serving as an
irradiated body, is provided with a backlight chassis 1 (B6)
which is formed as a shallow bottomed box shape, and is
configured by arranging a lot of light-emitting diodes (LED)
2,2,...(B1)as alight source vertically and horizontally in a
whole surface of a bottom plate 10 (B61) in an inner portion
of the backlight chassis 1.

As shown in FIG. 129, the LED 2, 2, . . . (B1) are mounted
in increments of plural numbers (five or eight in the figure) on
the LED substrates 20, 20, . . . (B3). The LED substrate 20
(B3) has a strip shape of a narrow width and a large length,
and a plurality of LED 2, 2, . . . are mounted in a center portion
in a width direction of one surface of the LED substrate 20 so
as to be spaced at uniform distances from each other in a
longitudinal direction.

An arrangement of the LED 2, 2, . . . on the bottom plate 10
of'the backlight chassis 1 is achieved, for example, by arrang-
ing the LED substrate 20 on which five LED 2, 2, . . . are
mounted, and the LED substrate 20 on which eight LED 2,
2, ...areamounted, in a longitudinal direction, and arranging
them in a plurality of rows (nine rows in the figure) so as to be
spaced at uniform distances, as shown in FIG. 129. In this
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case, the number of the LED substrates 20, 20, . . . and the
arrangement of these on the bottom plate 10 are not limited to
the illustrated aspect, but can be appropriately set in corre-
spondence to a magnitude and a shape of the backlight chassis
1. Further, the number orthe LED 2, 2, . . . which are mounted
on each of the LED substrates 20 is not limited to the illus-
trated five or eight, but can be set to an appropriate number.

FIG. 130 is a plan view of the backlight chassis 1, and
shows a state before the LED substrates 20, 20, . . . are
attached. As shown in the figure, a plurality of fixing holes 11,
11, ...(B64),a plurality of positioning holes 12,12,. . . (B67)
and a plurality of parts attaching holes 13, 13, . . . (B66) are
formed in the bottom plate 10 of the backlight chassis 1 in
such a manner as to pass through back and front.

The fixing holes 11, 11, . . . (B64) are holes for fixing the
LED substrates 20, 20, . . . , and are provided by making four
which line up in the longitudinal direction of the bottom plate
10 a set and arranging this in nine rows at uniform distances
in a width direction of the bottom plate 10, in such a manner
as to correspond to the arrangement of the LED substrates 20,
20, . . . shown in FIG. 129. In FIG. 130, the positions of the
LED substrates 20, 20, . . . are shown by a two-dot chain line.
Four fixing holes 11,11, . . . in each of the rows are positioned
in the vicinity of both end portions of the LED substrates 20,
20, ... inthe center portion in the width direction of two LED
substrates 20 and 20 on the same row.

The positioning holes 12, 12, . . . (B67) are provided for
positioning an element member plate with respect to a metal
mold for forming by engaging with a projection which is
provided in the metal mold, at a time of manufacturing the
backlight chassis 1 in accordance with a press molding. In the
figure, the positioning holes 12, 12, . . . are formed at three
positions within the surface of the bottom plate 10. It is
desirable that the positioning holes 12, 12, . . . are formed at
three positions or more for making the positioning within the
surface of the metal mold possible, and the forming positions
are set uniformly within the surface of the bottom plate 10, as
illustrated.

The parts attaching holes 13,13, . . . (B66) are provided for
attaching the constructing parts of the backlight device and
the liquid crystal display device using it, such as a cooling fan,
apower supply circuit, various connecting cables and the like,
and these parts attaching holes 13, 13, . . . are formed respec-
tively in bottom portions of recesses 14, 14, . . . formed by
depressing the corresponding portions of the bottom plate 10
to the back face side so as to pass through. The number and the
arrangement of the parts attaching holes 13, 13, . . . can be
appropriately set in correspondence to the number and the
position of the constructing parts to be attached. In the figure,
four parts attaching holes 13, 13, . . . are arranged in a random
order within the surface of the bottom plate 10.

In the illumination device in accordance with the present
invention, the positioning holes 12, 12, . . . and the parts
attaching holes 13, 13, . . . mentioned above are provided in
such a manner as to be positioned between the fixing holes 11
and 11, on a line connecting two fixing holes 11 and 11 which
are set with respect to each of the LED substrates 20.

FIG. 131 is a perspective view showing an outer appear-
ance of the LED substrate 20. FIG. 132 is a cross sectional
view by a line XII-XII in FIG. 129 showing an attached
portion of the LED substrate 20, and FIG. 133 is a cross
sectional view by a line XIII-XIII in FIG. 129 in the same
manner.

As shown in these figures, upper portions of the LED 2,
2, ... which are mounted on the LED substrate 20 are covered
individually by the light diffusing lens 3, 3, . . . (B2) attached
to the LED substrate 20. The lens 3 has a circular planar shape
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as shown in FIG. 131, and is a convex lens having a cross
sectional shape in which one surface is flat and another sur-
face is curved convexly, as shown in FIG. 132 and FIG. 133.
A recess 30 (B21) is provided in the center of the flat one
surface of the lens 3, and a plurality of support leg portions 31,
31, ... (B22) are integrally provided in a protruding manner
in the periphery of the recess 30. The lens 3 constructed as
mentioned above is positioned in such a manner that the LED
2 is received within the recess 30 in the center while setting
the flat surface below, as shown in FIG. 132 and FIG. 133, and
is fixed and supported to a position which is away from the
surface of the LED substrate 20 at an appropriate length, by
bonding each of three support leg portions 31, 31, . . . to the
LED substrate 20.

As shown in FIG. 131, terminal portions 22 and 23 (B31
and B32) for connecting to an external portion are provided in
both end portions of the LED substrate 20. Further, through
holes 21 and 21 (B33 and B34) passing through a center
position in the width direction rear and front are provided in
the vicinity of both end portions of the LED substrate 20,
particularly, between the LED 2 and 2 in both ends and the
LED 2 and 2 which are adjacent to each other. These through
holes 21 and 21 correspond to the positions of the fixing holes
11 and 11 which are formed as mentioned above in the bottom
plate 10 of the backlight chassis 1. The LED substrate 20,
20, . . . are fixed to the backlight chassis 1 by arranging the
respective through holes 21 and 21 on the bottom plate 10 in
correspondence to the positions of the individual fixing holes
11 and 11, and inserting a substrate retaining device 6 (B7) to
an alignment portion of the through hole 21 and the fixing
hole 11, as shown in FIG. 129.

The substrate retaining device 6 (B7) is provided with a
fixing claw 61 which protrudes from one surface of a pressing
plate 60 formed as a disc shape, as show in FIG. 132, and
pinches and fixes the LED substrate 20 between the pressing
plate 60 and the support plate 1, by putting the fixing claw 61
through the through hole 21 of the LED substrate 20 and the
fixing hole 11 of the bottom plate 10, and engaging with a
peripheral edge in a back surface side of the fixing hole 11. In
this case, this pinching is carried out via a reflection sheet 5
which is provided in such a manner as to cover a whole
surface of the bottom plate 10. The reflection sheet 5 (B5) is
a sheet which has an excellent light reflectance and is made of
a resin, such as a polycarbonate or the like. The reflection
sheet 5 also covers the upper surface of the LED substrate 20,
and the lens 3 (B2) covering the mounting position of the
LED 2 isexposed to the surface of the reflection sheet 5 via an
individual through hole 51 (B53) formed at the corresponding
position of the reflection sheet 5. In this case, an illustration of
the reflection sheet 5 is omitted in FIG. 129.

Further, the substrate retaining device 6 is provided with a
support projection 62 (B83) which is provided in a rising
manner in another surface of the pressing plate 60. The sup-
port projection 62 is provided in such a manner as to support
a diffusion plate which is faced to the bottom plate 10 of the
backlight chassis 1 from a back face. The support projection
62 may be configured such that a part of the substrate retain-
ing device 6 has, in addition that all the substrate retaining
device 6 has.

Two LED substrates 20 and 20 which are lined up in such
a manner as to be continuous in a length direction on the
bottom plate 10 of the backlight chassis 1 are connected to
each other, by connecting respective terminal portions 22 and
22 which are at mutually opposed positions by a connector 4
(B4), as shown in FIG. 129. Terminal portions 23 and 23 in
another end are used for connecting to an external power
supply, and the LED 2, 2, . . . mounted on the LED substrates
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20, 20, . . . emit light on the basis of a power feed from the
external power supply. The light emission of each of the LED
2,2, ...disperses uniformly within the surface of the bottom
plate 10 of the backlight chassis 1, on the basis of a synergetic
effect of the diffusion by the individual lenses 3, 3, . . . and the
reflection by the reflection sheet 5, and is applied onto the
irradiated body which is arranged so as to be opposed to the
bottom plate 10.

In the illumination device in accordance with the present
invention, the bottom plate 10 of the backlight chassis 1 is
provided with the positioning holes 12, 12, . .. (B67) and the
parts attaching holes 13,13, . .. (B66) which pass through the
bottom plate 10 back and forth. These positioning holes 12,
12, . . . and the parts attaching holes 13, 13, . . . have the
positional relationship mentioned above with respect to the
fixing holes 11, 11, . . . which are used for fixing the LED
substrate 20, and come to a state of being occluded by the
LED substrates 20, 20, . . . which are attached to the fixing
holes 11, 11, . . . as mentioned above. In this case, the parts
attaching holes 13,13, . . . are provided in the inner portion of
the recesses 14, 14, . . . which are provided by depressing the
bottom plate 10, however, the LED substrates 20, 20, . . .
occlude a whole of these recesses 14,14, . . ..

Accordingly, there is no risk that the dusts enter into the
inner portion of the backlight chassis 1 through the position-
ing holes 12, 12, . . . and the parts attaching holes 13,13, . ..
under the used state, and it is possible to prevent the dusts
from being attached and piled up on the surfaces of the LED
2,2, .. .and thelens 3, 3, . .. and the surface of the reflection
sheet 5, and prevent an optical problem such as a non-unifor-
mity of the applying light, an illumination intensity defect or
the like from being generated. Further, it is possible to prevent
the dusts having a conductivity from being attached to the
surfaces of the LED substrates 20, 20, . . . and prevent an
electric problem from being generated in a driving circuit of
the LED 2, 2, . . . formed in the LED substrates 20, 20, . . ..

Further, the light emission mentioned above by the LED 2,
2, . .. does not leak out to the external portion via the posi-
tioning holes 12, 12, . . . and the parts attaching holes 13,
13, . . . which are occluded by the LED substrates 20,
20, . .., and it is possible to dissolve such a risk of making a
user viewing the leaking light nourish a fear of insecurity.

The occlusion of the positioning holes 12, 12, . . . and the
parts attaching holes 13, 13, . . . by the LED substrates 20,
20, ... can be achieved by appropriately defining the positions
of the positioning holes 12, 12, . . . and the parts attaching
holes 13, 13, . . . with respect to the fixing holes 11, 11, . . . of
the LED substrates 20, 20, . . . at a time of designing the
backlight chassis 1.

As shown in the embodiment 10, in the case of using the
strip shaped LED substrate 20 (B3), and fixing the LED
substrate 20 to the bottom plate 10 by the fixing holes 11 and
11 in the vicinity of both end portions, the positioning hole 12
and the parts attaching hole 13 can be securely occluded by
being formed between both the fixing holes 11 and 11 on the
line connecting these fixing holes 11 and 11. The LED sub-
strate 20 has an appropriate elasticity, and is well attached
close to the bottom plate 10 only by fixing the vicinity of both
the end portions by the substrate retaining device 6, whereby
the positioning holes 12,12, . . . and the parts attaching holes
13,13, . . . can be securely occluded. However, in order to
secure the occlusion, the other fixing means such as an adhe-
sive bonding or the like may be used at the same time. The
positioning holes 12, 12, . . . and the parts attaching holes 13,
13, .. . may be arranged at a position which is deviated in a
width direction of the LED substrate 20 from the line con-
necting two fixing holes 11 and 11, in addition to being
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arranged in such a manner as to be positioned between these
fixing holes 11 and 11 on the line connecting two fixing holes
11 and 11, and may be positioned at any position which is
occluded by the LED substrate 20.

The recess 14 around the parts attaching hole 13 is pro-
vided in such a manner as to secure a space in the back face
side of the LED substrate 20 occluding said recess 14, and
make the attachment of the parts to the parts attaching hole 13
by a retainer, a clipping or the like possible. The through hole
occluded by the LED substrate 20, 20, . . . is not limited to the
positioning holes 12, 12, . . . and the parts attaching holes 13,
13, . . . mentioned above, but may be configured by a hole
which is used for the other purposes.

In this case, the shape of the LED substrates 20, 20, . . . is
not limited to the strip shape, but may be formed as an appro-
priate shape such as a rectangular shape, a square shape, a
circular shape or the like. Even in this case, it is possible to
achieve a secure occlusion by appropriately setting the posi-
tions of the positioning holes 12, 12, . . . and the parts attach-
ing holes 13, 13, . . . with respect to the fixing positions of the
LED substrates 20, 20, . . . in a design stage of the backlight
chassis 1. However, since it is possible to arrange a plurality
of LED substrates 20, 20, . . . having a comparatively narrow
width in a plurality of rows so as to be spaced, by forming the
LED substrates 20, 20, . . . as the strip shape, it is possible to
reduce a total area of the LED substrates 20, 20, . . ., it is
possible to reduce a cost of the LED substrates 20, 20, . . . ,and
further a cost of the illumination device, and it is possible to
occlude the positioning holes 12, 12, . . . and the parts attach-
ing holes 13, 13, . . . by the LED substrates 20, 20, . . .
regardless of the spaced or parallel arrangement.

FIG. 134 is a cross sectional view of a liquid crystal display
device in accordance with the present invention which is
provided with the illumination device structured as men-
tioned above as the backlight device. The liquid crystal dis-
play device is provided with a liquid crystal display panel 8
(A1) serving as an image display unit. The liquid crystal
display panel 8 and a plurality of optical sheets 81, 81, . . .
(diffusion plates, reflection polarizing plates, prism sheets,
diffusion sheets and the like) (C) are stacked each other, and
peripheral edge portions are integrally pinched by a front
retention frame body 82 (A2) and a rear retention frame body
83 (A3) so as to configure a liquid crystal module.

The backlight device (B) is configured by arranging the
LED substrates 20, 20, . . . (B3) in the inner portion of the
backlight chassis 1 (B6) formed by uprising a frame portion
15 (B62) in a peripheral edge of a bottom plate 10 (B61) as
mentioned above, and covering upper portions thereof by the
reflection sheet 5, and the LED 2, 2, . .. lined up on the bottom
plate 10 is attached in such a manner as to be opposed to the
back face of the liquid crystal display panel 8 serving as the
irradiated body via the optical sheets 81, 81, . . ., by fixing the
peripheral edge of the frame portion 15 to the back face of the
rear retention frame body 83.

The substrate retaining device 6 pinching and fixing the
LED substrates 20, 20, . . . and the reflection sheet 5 with
respect to the bottom plate 10 is provided with a support
projection 62. The support projection 62 brings its leading
end into contact with the optical sheet 81, as illustrated, limits
the deflection of the optical sheet 81, and carries out an action
ofkeeping the distance with respecttothe LED 2,2, ... onthe
bottom plate 10 appropriately.

The liquid crystal display device is configured by fixing the
liquid crystal module and the backlight device to a front face
cabinet 80a via the front retention frame body 82 and the rear
retention frame body 83 which pinch the peripheral edge
thereof, and covering a back face of the front face cabinet 80a
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by a back face cabinet 805. In the liquid crystal display device
configured as mentioned above, the light emission of the LED
2,2, ... lined up on the bottom plate 10 of the backlight
chassis 1 is uniformly applied on a whole surface of the liquid
crystal module which is arranged so as to be opposed to the
bottom plate 10, and transmits the optical sheets 81, 81, . . .
and the liquid crystal display panel 8, and a desired image is
displayed on the display surface of the liquid crystal display
panel 8 which is exposed to a front face opening of the front
face cabinet 80a.

In this case, the liquid crystal display device mentioned
above is one of application examples of the illumination
device in accordance with the present invention, and it goes
without saying that the illumination device in accordance
with the present invention can be applied to various intended
uses in which a uniform light application onto a whole surface
of a sheet irradiated body is requested.

Inthe embodiment mentioned above, the box-shaped chas-
sis 1in which the bottom plate 10 and the frame portion 15 are
integrated is used, however, the chassis 1 may be formed as a
tabular shape. FIG. 135 is a cross sectional view showing
another embodiment of the liquid crystal display device in
accordance with the present invention. The illustrated liquid
crystal display device is provided with the tabular chassis 1.

A frame body 16 is fixed to a peripheral edge portion of the
chassis 1 in such a manner as to rise on one surface (a surface
in which the LED substrates 20, 20, . . . are provided in
parallel). The illustrated frame body 16 is fixed by a rivet 17,
however, this fixing can be achieved by an appropriate means
such as a bolt fixing, an adhesive bonding or the like. The
chassis 1 configured as mentioned above is attached in such a
manner that the LED 2, 2, . . . lined up in the one surface are
opposed to the back face of the liquid crystal display panel 8
as an irradiated body via the optical sheets 81 and 81, by
fixing the peripheral edge of the frame body 16 to the back
face of the rear retention frame body 83.

The other configurations and motions of the liquid crystal
display device shown in FIG. 135 are the same as the liquid
crystal display device shown in FIG. 134, and a description of
the configuration and the motion is omitted by attaching
reference numerals which are in common with FIG. 134 to the
corresponding constructing members.

Embodiment 11

A description will be in detail given below of the present
invention on the basis of the accompanying drawings which
show a display device in accordance with an embodiment.

FIG. 136 is a cross sectional view showing a partial struc-
ture of the display device provided with the backlight device
in accordance with the present invention, FIG. 137 is a par-
tially enlarged cross sectional view showing a structure of the
backlight device in accordance with the present invention,
FIG. 138 is a cross sectional view showing a structure of a
rivet of the backlight device in accordance with the present
invention, FIG. 139 is a partly omitted plan view of the
backlight device in accordance with the present invention,
FIG. 140 is a partly exploded schematic perspective view of
the backlight device in accordance with the present invention,
and FIG. 141 A and FIG. 141B are partly enlarged plan views
showing a structure of a reflection sheet of the backlight
device in accordance with the present invention.

As shown in FIG. 136, the display device is provided with
an approximately rectangular parallelepiped display unit 10
(A) which has a display surface displaying an image in a front
side, a backlight device A (B) which is arranged in a rear side
of the display unit 10, and a cabinet 11 (D) which covers a
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peripheral edge portion of the display unit 10 and a rear side
of the backlight device A. In this case, the cabinet 11 houses
apower supply circuit board which feeds an electric power to
the display unit 10, a terminal circuit board which processes
an image displayed on the display unit 10, and a plurality of
circuit boards (not shown) (B10) such as a control circuit
board or the like which controls the display unit 10, and the
LED 1 (B1) and the display panel 12 (A1) are driven on the
basis of an output from the circuit boards.

The display unit 10 (A) has a display panel 12 (A1) which
has a display surface, and an optical sheet 13 (C) which is
arranged in a rear side of the display panel 12. A peripheral
edge portion of the display panel 12 is retained so as to be
pinched back and front by a front retention frame body 14
(A2) and a rear retention frame body 15 (A3), and configures
a panel module, and the rear retention frame body 15 is
attached to a peripheral edge portion of the support member 7
(B6).

The optical sheet 13 (C) is a laminated body obtained by
laminating a comparatively thick diffusion plate which dif-
fuses uniformly the light emitted by the LED 1, that is, the
light-emitting element serving as the light source, and a com-
paratively thin resin sheet such as a reflection polarizing plate,
a prism sheet, a diffusion sheet or the like.

The support member 7 (B6) has a plate portion 71 (B61)
and a frame portion 72 (B62) which is connected to a periph-
eral edge of the plate portion 71, and supports the peripheral
edge portion of the diffusion plate to the frame portion 72.

The backlight device A (B) in accordance with the present
invention is provided with a plurality of LEDs 1 (B1) which
are arranged in a matrix manner and serve as a light source, a
plurality of LED substrates 2 (B3) which mount the LED 1 in
one surface 2a, and are arranged in parallel in vertical and
horizontal two directions, a plurality of connectors 3 (B4)
which connect the adjacent LED substrates 2 and 2 to each
other, a support pin 4 (B8) which supports the optical sheet
13, a plurality of lenses 5 (B2) which are attached to the one
surface 2a of the LED substrate 2 so as to be opposed to a top
portion of the LED 1, and diverge the light emitted by the
LED 1, a reflection sheet 6 (B5) which is opposed to the one
surface 2a of the LED substrate 2 and reflects the light
diverged by the lens 5, a support member 7 (B6) which
supports the LED substrate 2, and a plurality of rivets 8 (B7)
which fix the reflection sheet 6 to the support member 7 for
preventing the reflection sheet 6 from lifting.

The LED substrate 2 (B3) is formed as a strip shape which
has a circuit portion in the one surface 2a, and is arranged in
aplurality of rows in vertical and horizontal directions on one
surface of the support member 7 which is formed as an
approximately rectangular shape. A plurality of LEDs 1 are
mounted on the one surface 2a of each of the LED substrates
2 50 as to be close in a longitudinal direction, as shown in the
figure, and connecting portions 21 and 22 (B31 and B32)
having terminals are provided in both end portions in the
longitudinal direction of the one surface 2a.

The LED 1 (B1) is configured, as shown in FIG. 139, such
that five or six are mounted, for example, so as to be spaced in
the longitudinal direction of the LED substrate 2, and five or
six lenses 5 are attached to the one surface 2a by an adhesive
agent in correspondence to each of the LED 1.

For the parallel arranged LED substrate 2 (B3), in the LED
substrates 2 of one row in the longitudinal direction, two
adjacent connecting portions 21 and 21 (B31 and B32) are
connected to each other by the connector 3 (B4), the connect-
ing portion 22 of one LED substrate 2 is connected to the
power supply circuit board by the second connector (B41),
and a short connector is connected to the connecting portion
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22 of another LED substrate 2. The LED substrate 2 is pro-
vided in an opening manner with a support pin insertion hole
23 (B36) at a position corresponding to the support pin 4, and
a rivet insertion hole 24 (B36) at a position corresponding to
the rivet 8.

The connector 3 (B4) is formed as an approximately par-
allelepiped shape, is provided with terminals corresponding
to the connecting portions 21 and 21 in both end portions in a
longitudinal direction of one surface, and laps over the one
surface 2a of the LED substrate 2 at a time of being connected
to the connecting portions 21 and 21.

Thelens 5 (B2) has a translucent portion 51 (B21) which is
opposed to be spaced from the top portion of the LED 1, and
has a hemispheric recess for diverging the light emitted by the
LED 1 to all directions, and three positioning projections 52
(B22) which protrude toward the LED substrate 2 from a
surface opposed to the one surface 2a of the translucent
portion 51, and fix the position with respect to the LED
substrate 2 of the translucent portion 51, and a leading end of
the positioning projection 52 is attached to the one surface 2a
by an adhesive agent.

The positioning projection 52 is set such as to be slightly
longer than a thickness of the reflection sheet 6 in a distance
between the translucent portion 51 and the LED substrate 2,
and is configured such that it can absorb a thermal expansion
of the reflection sheet 6.

The reflection sheet 6 (B5) includes one synthetic resin
sheet which has a high reflectance and is formed as an
approximately rectangular shape in correspondence to the
support member 7, is provided in an opening manner with a
through hole 61 (B53) at a position corresponding to each of
the lenses 5, is provided in an opening manner with a through
hole 62 at a position corresponding to the connector 3, is
provided with a support pin hole 63 (B55), that is, a first
through hole at a position corresponding to the support pin 4,
and is provided with a rivet hole 64 (B55), that is, a second
through hole at a position corresponding to the rivet 8. In this
case, the support pin hole 63 has a diameter which is larger
than the support pin insertion hole 23, and the rivet hole 64
has a diameter which is larger than the rivet insertion hole 24.
As shown in FIG. 141, a small hole 65 (B55a) is provided as
anidentifying mark in a peripheral edge portion of the support
pin hole 63.

The through hole 61 is formed as a round shape which has
a slightly larger diameter than the translucent portion 51
(B21) of the lens 5, and is arranged in a matrix manner. The
translucent portion 51 of the lens 5 is arranged in the through
hole 61. The through hole 62 is formed as an approximately
rectangular shape, and the connector 3 is fitted thereto. Fur-
ther, the support pin hole 63 is formed as a round shape which
is larger than an attaching portion 43 of the support pin 4 and
smaller than a collar portion 42, and the attaching portion 43
is inserted thereto, and the rivet hole 64 is formed as a round
shape which is larger than an elastic portion 8256 of the rivet 8
and smaller than a head portion 81a, and the elastic portion
825 is inserted thereto.

The support member 7 (B6) is formed as a metal plate, has
a tabular plate portion 71 (B61) which is formed as an
approximately rectangular shape and a frame portion 72
(B62) which is connected to a peripheral edge of the plate
portion 71, and houses and supports the LED substrate 2 in
one surface of the plate portion 71 so as to be lined up in a
longitudinal direction and a width direction.

The support member 7 is provided with a plurality of
through holes 73 (B65) in an opening manner at positions
corresponding to the support pin insertion holes 23. A diam-
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eter of the through hole 74 is approximately the same as the
diameter of the rivet insertion hole 24.

The support pin 4 (B8) is provided with a columnar portion
41 (B83) which extends out of the LED substrate 2 in the
direction of the one surface 2a, and comes into contact by its
leading end with the optical sheet 13 so as to restrict a deflec-
tion of the optical sheet 13, a collar portion 42 which extends
out of a peripheral edge side of a base end of the columnar
portion 41 toward an outer side in a horizontal direction, and
anattaching portion (a foot portion) 43 which protrudes out of
the collar portion 42 along a direction opposed to the colum-
nar portion 41, and is inserted to the support pin insertion hole
23 and the through hole 73.

The columnar portion 41 is formed as an approximately
conical shape, and is formed integrally with the collar portion
42. The attaching portion 43 has a columnar connecting por-
tion 43a which is directed to an opposed direction to the
columnar portion 41 from the collar portion 42, and two claw
portions 435 which are connected to a leading end of the
connecting portion 43a and are engaged to a hole edge portion
of the through hole 74. The support pin 4 is attached to the
LED substrate 2 and the support member 7 by inserting the
attaching portion 43 to the insertion hole 23. The support pin
4 is opposed at such a slight distance that a leading end of the
columnar portion 41 comes into contact with one surface of
the optical sheet 13, at a position which is opposed to the
optical sheet 13, restricts the deflection of the optical sheet 13,
and keeps a distance between the optical sheet 13 and the
LED substrate 2 uniform.

In the case that the support pin 4 is attached to the LED
substrate 2 and the support member 7, the collar portion 42
extends to a small hole 65 in an outer side of a support pin hole
63 which is provided in an opening manner in the reflection
sheet 6, in its outer peripheral portion. The collar portion 42
and the reflection sheet 6 do not come into contact and a slight
gap is provided. In accordance with this, in the case that the
support pin 4 is attached, the small hole 65 provided in an
opening manner in an outer side of the support pin hole 63 is
invisible.

Further, the support member 7 is provided with a plurality
of through holes 74 (B65) at positions corresponding to the
rivet insertion holes 24, as shown in FIG. 138. A diameter of
the through hole 74 is approximately equal to a diameter of
the rivet insertion hole 24.

Therivet 8 (B7) is made of, for example, a metal or a carbon
material, and is inserted to the rivet insertion hole 24 and the
through hole 74. The LED substrate 2 is fixed to the support
member 7 by the rivet 8. The rivet 8 is provided with a
reception rivet 82 (B71) and an insertion rivet 81 (B72).

The reception rivet 82 (B71) is provided with a retainer
portion 82a (B71a) which is formed as an annular shape
having a diameter which is a little larger than a diameter of the
rivet insertion hole 24, and an outer peripheral portion of the
retainer portion 82aq is retained to an edge portion of the rivet
insertion hole 24 in an inner side of the rivet hole 64 which is
provided in an opening manner in the reflection sheet 6 and
yet in an outer side of the rivet insertion hole 24. A plurality of
elastic portions 825 are provided in parallel in a peripheral
direction at an inner peripheral portion of the retainer portion
82a. The elastic portion 825 protrudes along an axial direc-
tion of the retainer portion 82a, and is inserted to the rivet
insertion hole 24 and the through hole 74. A dimension in an
axial direction of the elastic portion 824 is larger than the
dimension in the axial direction of the rivet insertion hole 84
and the through hole 74, and a protruding end portion of the
elastic portion 825 extends out of the through hole 74 in an
axial direction. A contact portion 82¢ extending to an inner
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side in a diametrical direction of the retainer portion 82a is
provided in the protruding end portion of the elastic portion
8254 50 as to be integral with the elastic portion 825, and a gap
is provided between the contact portions 82¢ and 82c.

A leg portion 815 mentioned below comes into contact
with an inner side of the contact portion 82c¢, the elastic
portion 825 curves to an outer side due to the contact ofthe leg
portion 815, and the elastic portion 826 comes into contact
with an edge portion of the through hole 74. Accordingly, the
LED substrate 2 and the support member 7 are pinched back
and front between the retainer portion 82« and the elastic
portion 824.

The insertion rivet 81 (B72) is provided with a head portion
81a (B72a) which has a larger diameter than the insertion
hole 115, and a columnar leg portion 815 which is vertical to
the head portion 81a is provided in the center portion of the
head portion 81a. A taper 81ba is formed in a leading end
portion ofthe leg portion 815 in such a manner that a diameter
of'the leg portion 815 becomes smaller toward a leading end.
The diameter of the leg portion 815 in the vicinity of the head
portion 81a is approximately the same as an inner diameter of
the retainer portion 82a, and becomes larger than a dimension
between the contact portions 82¢ in the case that the leg
portion 815 is not inserted. In this case, the edge portion of the
head portion 81a extends to the leg portion 815 side, and an
extending width of the edge portion of the head portion 81a is
smaller than a dimension in the axial direction of the retainer
portion 82a. Further, the diameter of the head portion 81a is
smaller than the diameter of the collar portion 42 of the
support pin 4.

The leg portion 815 of the insertion rivet 81 is inserted to
the retainer portion 824, and the leading end portion of the leg
portion 815 is inserted to the gap between the contact portions
82¢. The taper 81ba is formed in the leading end portion of the
leg portion 815, and the gap is expanded by the insertion of
the leg portion 815. The elastic portion 825 is curved to the
outer side, and comes into contact with the edge portion of the
through hole 74. The support member 7 and the LED sub-
strate 2 are pinched by an appropriate pressure by the elastic
portion 825 and the retainer portion 82a, and the LED sub-
strate 2 and the support member 7 are attached closely.

The head portion 81a comes into contact with the retainer
portion 82a, and does not come into contact with the reflec-
tion sheet 6. A slight gap is provided between an edge portion
of the head portion 81a extending to the leg portion 815 side
and the reflection sheet 6. The reflection sheet 6 is retained by
an edge portion of the head portion 81a. In accordance with
this, it is possible to prevent the reflection sheet 6 from lifting
with respect to the LED substrate 2.

In the backlight device configured as mentioned above, in
a state in which the support member 7 is mounted on a
working table in such a manner that the opening side is
directed upward, a plurality of LED 1 are mounted on the one
surface 2a, the LED substrate 2 to which the lens 5 opposed to
the top portion of each of the LED 1 is attached is arranged in
the one surface of the plate portion 72 in the support member
7 so as to come close in the horizontal direction and be spaced
in the vertical direction, and the LED substrates 2 which are
adjacent to each other in the horizontal direction are con-
nected by the connector 3. Further, the reflection sheet 6 is
mounted on the one surface 2a of each of the LED substrates
2 50 as to be opposed.

At this time, the translucent portion 51 in the lens 5 passes
through each of the through holes 61 of the reflection sheet 6,
and the connector 3 passes through each of the through holes
62. Further, each of the support pin holes 63 of the reflection
sheet 6, each of the support pin insertion holes 23 of the LED
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substrate 2, and each of the through holes 73 of the support
member 7 are aligned in their positions, and each of the rivet
holes 64 of the reflection sheet 6, each of the rivet insertion
holes 24 of the LED substrate 2, and each ofthe through holes
74 of the support member 7 are aligned in their positions.

After the reflection sheet 6 is assembled, the support pin 4
and the rivet 8 are attached. Particularly, the attaching portion
43 of the support pin 4 is fitted and locked to the support pin
insertion hole 23 of the LED substrate 2 and the through hole
73 of the support member 7 by the support pin hole 63 of the
reflection sheet 6, and the support pin 4 is fixed to the support
member 7. The rivet 8 is fixed to the support member 7 by
inserting the reception rivet 82 of the rivet 8 to the rivet
insertion hole 24 of the LED substrate 2 and the through hole
74 of the support member 7 by the rivet hole 64 of the
reflection sheet 6, thereafter inserting the leg portion 815 of
the insertion rivet 81 to the retaining portion 82a of the
reception rivet 82, and inserting the leading end portion of the
leg portion 8154 to the gap between the contact portions 82c.

As shown in FIG. 140, the support pin hole 63 and the rivet
hole 64 have a small difference in an outer shape dimension
and are hard to be distinguished in their outer appearance, and
it is hard to discriminate. However, it is possible to recognize
on the basis of a visual observation by forming an identifica-
tion mark of the small hole 65 in the peripheral edge of the
support pin hole 63, and an erroneous attachment of the
support pin 4 and the rivet 8 does not occur.

Further, as shown in FIG. 141 A, in the backlight device in
accordance with the present invention, a diameter of the head
portion 81a of the rivet 8 is smaller than a diameter of the
collar portion 42 of the support pin 4. Further, the small hole
65 for identification provided in an opening manner in the
peripheral edge of the support pin hole 63 is provided at the
position which is not covered by the rivet 8 but is covered by
the support pin 4. It is provided in such a manner as to be
covered by the collar portion 42 of the support pin 4 in the
case that the support pin 4 is inserted to the support pin hole
63, and in such a manner that at least a part thereof is visible
in the case that the rivet 8 is inserted to the support pin hole 63.
In accordance with this, since the small hole 65 is visible in
the case that the rivet 8 is erroneously attached to the support
pin hole 63, it is possible to immediately know an error, and
it is possible to securely attach the support pin 4. In this case,
if the support pin 4 is erroneously attached to the rivet hole 64
inversely, the number of the support pins 4 is increased, and
the optical sheet 13 can be securely supported. Further, since
the reflection sheet is retained, any problem does not particu-
larly occur.

Further, in the backlight device in accordance with the
present embodiment 11, the small hole 65 (B554) is utilized
as the identification mark. The small hole 65 can be formed in
the reflection sheet 6 at the same time of forming the support
pin hole 63. Accordingly, it is possible to securely attach
without any special steps and man power for the identifying
mark. In this case, the identification mark is not limited to the
small hole 65 which is provided in an opening manner in the
reflection sheet 6, but may be configured such that the support
pin hole 63 and the rivet hole 64 can be discriminated in
accordance with a visual observation at a time of attaching the
support pin 4 and the rivet 8.

Further, in the backlight device in accordance with the
present embodiment 11, the description is given of the matter
that the support pin 4 is inserted to the support pin hole 63 so
as to be fixed to the LED substrate 2 and the support member
7, and the rivet 8 is inserted to the rivet hole 64 so as to be fixed
to the LED substrate 2 and the support member 7, however, is
not limited to this. For example, the support pin4 and the rivet
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8 may be fixed only to the LED substrate 2. Alternatively, in
the reflection sheet 6, the support pin hole 63 and the rivet
hole 64 may be provided in an opening manner at a position
at which the LED substrate 2 is not formed, and the support
pin 4 and the rivet 8 may be respectively inserted in the
support pin hole 63 and the rivet hole 64 so as to be fixed to the
support member 7.

Further, in the backlight device in accordance with the
present embodiment 11, the description is given of the matter
that the small hole 65 for identification is provided in the
reflection sheet 6 so as to prevent the erroneous attachment of
the rivet 8, however, the configuration may be made addition-
ally such that the substrate basis material is exposed by
removing a resist around the rivet hole 64 to which the rivet 8
is inserted, in the resist covering the one surface 2a of the LED
substrate 2. In this configuration, since the substrate basis
material around the hole is covered at a time when the rivet 8
is inserted to the rivet hole 64, and the substrate basis material
around the hole is visible at a time when the rivet 8 is not
inserted to the rivet hole 64, it is possible to easily find
neglecting of the attachment of the rivet 8.

The description is in detail given above of the embodiments
in accordance with the present invention on the basis of the
accompanying drawings, however, the present invention is
not limited to the embodiment mentioned above, but can be
variously modified and executed within the range of the scope
of the present invention.

Embodiment 12-1

A description will be in detail given below on the basis of
the accompanying drawings which show a display device in
accordance with an embodiment 12-1. FIG. 142 is a vertical
cross sectional view schematically showing the display
device.

In the figure, reference numeral 1 denotes a rectangular
display panel provided with a liquid crystal, and the display
panel 1 (A1) is configured such as to regulate a coefficient of
transmission of the light by controlling an applied voltage to
the liquid crystal, and display the image. The display panel 1
is pinched its peripheral edge portion by a front retention
frame body 2 (A2) and a rear retention frame body 3 (A3), and
is housed in a rectangular frame shaped front cabinet 4 (D1).
The front cabinet 4 is arranged in the periphery of the front
retention frame body 2 and the rear retention frame body 3.
The front cabinet 4 is provided with a rectangular opening,
and a dimension of the opening comes to a dimension which
corresponds to the display panel 1. A rear side of the display
panel 1 is provided with a plurality of optical sheets 5 (C)
which collects the light of the light-emitting diode (LED) 9
serving as the light source mentioned below toward the dis-
play panel 1.

A diffusion plate 6 which diffuses the light of the LED 9
uniformly is provided in a rear side of the optical sheet 5. The
diffusion plate 6 is supported by an edge portion of a deep-
dish shaped support plate 7 made of a metal. A plurality of
LED substrates 8 (B3) are provided in parallel in a front face
of the support plate 7 (B6), and a membrane shaped heat
radiating pattern 8¢ made of a heat conducting material, for
example, a metal is formed in a rear face of the LED substrate
8.

A plurality of LED 9,9, . . ., 9 (B1) are mounted onto a
front face of the LED substrate 8 (B3), and lenses 10,
10, . . ., 10 (B2) diffusing the light are respectively arranged
in front sides of the LED 9,9, . . ., 9. Three projections 10a,
10a and 10a (B22) which protrude to the LED substrate 8 side
are provided in parallel in a peripheral direction at a periph-
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eral edge portion of the lens 10, and a leading end of the
projection 10q is firmly attached to the front face of the LED
substrate 8 by an adhesive agent.

Support tables (not shown) which support the deep-dish
shaped reflection sheet 11 (B5) are provided individually in
right and left sides of the support plate 7. A plurality of holes
11a (B53) to which the lens 10 is inserted is provided in an
opening manner in a bottom surface of the reflection sheet 11.
Each ofthe lenses 10 protrudes to a front side through the hole
11a.

A deep-dish shaped rear cabinet 12 (D2) is provided in a
rear side of the support plate 7. Vertical and horizontal dimen-
sions of the cabinet 12 are approximately the same as vertical
and horizontal dimensions of the front cabinet 4, and an edge
portion of the rear cabinet 12 and an edge portion of the front
cabinet 4 are opposed to each other. An engagement convex
portion and an engagement recess which are not illustrated
are provided respectively in the edge portions of the front
cabinet 4 and the rear cabinet 12, and the front cabinet 4 is
fixed to the rear cabinet 12 by engaging of the engagement
convex portion and the engagement recess.

FIG. 143 is a schematic back elevational view in which the
support plate 7 is seen from a rear side, and FIG. 144 is a
perspective view which schematically shows a through hole
provided in an opening manner in the vicinity of an edge of
the support plate.

The support plate 7 (B6) is provided near its edge with a
truncated pyramid portion 7a (a protruding portion) in which
a part of the support plate 7 is protruded to a rear side, by a
drawing process. A rectangular through hole 7¢ (B61a) pass-
ing through back and front is provided in an opening manner
in a top surface portion 75 of the truncated pyramid portion
7a, and two notches (engagement recesses) 7d and 7d (B615)
are formed in respective edge portions along a longitudinal
direction of the through hole 7¢ so as to be spaced at an
appropriate length. A dimension between the notches 74 and
7d which are formed in one edge portion is different from a
dimension between the notches 7d and 74 which are formed
in another edge portion. A locking hole 7e (B61c¢) is provided
in an opening manner in the top surface portion 75, in an outer
side than the one end edge of the through hole 7¢ in the
longitudinal direction. A locking projection 41 (B914) men-
tioned below is locked to the locking hole 7e.

As shown in FIG. 143, a rear surface of the support plate 7
is provided with a power supply circuit board 20 (B10a)
which feeds an electric power to the display panel 1, the LED
substrate 8 and the like, a control circuit board 21 (Blob)
which carries out a driving and a control of the display panel
1, and a signal processing circuit board 22 (B10c¢) which
processes an image signal displayed on the display surface of
the display panel 1. A plurality of linear electric conductors
25 (B40) are connected to the power supply circuit board 20,
and the electric conductors 25 are connected to the LED
substrate 8 while passing through the through hole 7¢. A
plurality of electric conductors 25 are banded together by a
band 26 between the power supply circuit board 20 and the
through hole 7c¢. In this case, the electric conductor 25 is
coated by an insulating material.

A protection trunk 30 (B91) protecting the electric conduc-
tor 25 from the edge portion of the through hole 7¢ is fitted to
the through hole 7¢. The protection trunk 30 is short in an
axial direction, and a cross section of the protection trunk 30
which is orthogonal to the axial direction is formed as a
rectangular shape which corresponds to the through hole 7c.
Alid 50 (B92) is attached to the protection trunk 30. A recess
305 (B91a) mentioned below is formed in the protection
trunk 30, and the electric conductor 25 passes through
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between the recess 305 and a lid 50, in the case that the lid 50
is attached to the protection trunk 30.

FIG. 145 is a plan view which schematically shows the
protection trunk 30 fitted to the through hole 7¢, FIG. 146 is
a schematic cross sectional view in a line VII-VII described in
FIG. 145, FIG. 147 is a schematic cross sectional view in a
line VIII-VIII described in FIG. 145, and FIG. 148 is a sche-
matic cross sectional view in a line IX-IX described in FIG.
145.

As shown in FIG. 146 and FIG. 147, both side surfaces of
the protection trunk 30 along the longitudinal direction is
narrowed in an axial direction of the protection trunk 30
formed as a rectangular tubular shape in one end portion side
in a longitudinal direction, the width of an intermediate por-
tion is expanded little by little toward one side (a lower side in
FIG. 146 and F1G. 147) in the axial direction, and the width in
another end portion side becomes wider.

As shown in FIG. 145, one end portion in the longitudinal
direction of the protection trunk 30 is opened, and the one end
portion is provided with a connecting plate 30a which con-
nects to both side surfaces of the protection trunk 30 along the
longitudinal direction. The connecting plate 30q is flat, and a
recess 3056 (B91a) is formed by the connecting plate 30a and
both the side surfaces, as shown in FIG. 145 and F1G. 148. An
inclined plate 30c¢ is provided in an edge portion of the recess
3054 in an opposite side to the one end portion, and the inclined
plate 30c is connected to the intermediate portion in which the
width in the axial direction of the protection trunk 30 men-
tioned above is expanded little by little. Between the inclined
plate 30¢ and another end portion in the longitudinal direction
of the protection trunk 30, a narrow reinforcing plate 304
which is vertical to the axial direction of the protection trunk
30 extends out of an inner peripheral surface of the protection
trunk 30 at an appropriate length. A slit 30e along the protec-
tion trunk 30 is provided in an opening manner in the rein-
forcing plate 30d which is connected to another end portion in
the longitudinal direction of the protection trunk 30.

The protection trunk 30 (B91) is configured such that
dimensions in the longitudinal direction and the width direc-
tion are slightly shorter than the rectangular through hole 7c,
and is fitted to the through hole 7¢. As shown in FI1G. 146 and
FIG. 147, in the protection trunk 30 fitted to the through hole
7c¢, a portion in which the width in the axial direction is
expanded little by little, and a portion in which the width is
expanded are positioned between one surface (a lower surface
in FIG. 146 and F1G. 147) of the top surface portion 75 of the
truncated pyramid portion 7a and a front face of the support
plate 7.

As shown in FI1G. 146, the one side surface of the protection
trunk 30 along the longitudinal direction is provided with two
positioning plates 31 and 31 (positioning portions) which
protrude out of the one side surface and are in parallel to a
diametrical direction of the through hole 7¢ so as to be in
parallel to the longitudinal direction. The positioning plates
31 and 31 are positioned in another surface side (an upper side
in FIG. 146) of the top surface portion 7b. Further, one side
surface of the protection trunk 30 along the longitudinal
direction is provided with two tabular engagement pieces
(engagement protruding portions) 32 and 32 (B9156) which
are in parallel to the diametrical direction of the through hole
7c¢ so as to be in parallel to the longitudinal direction. The
engagement pieces 32 and 32 are arranged alternately with
the positioning plates 31 and 31 in the longitudinal direction,
and are positioned in one surface side (a lower side in FIG.
146) of the top surface portion 75 of the truncated pyramid
portion 7a. A dimension between the positioning plates 31
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and 31 and the engagement pieces 32 and 32 is slightly longer
than athickness dimension of the top surface portion 76 of the
truncated pyramid portion 7a.

Further, a claw portion 33 which protrudes outward is
provided in the one side surface of the protection trunk 30,
and the claw portion 33 is spaced at an appropriate length in
the longitudinal direction from the positioning plates 31 and
31, and is positioned in another surface side of the top surface
portion 7b. A contact portion 34 (B91c¢) which protrudes
outward along a corner portion and is formed as an [.-shaped
form in a side view is provided in the corner portion which is
positioned in another surface side of the top surface portion
7b in the one end portion side in the longitudinal direction, in
the one side surface of the protection trunk 30. A bent portion
55 (B92a) mentioned below comes into contact with the
contact portion 34.

On the other hand, another side surface along the longitu-
dinal direction of the protection trunk 30 is provided in par-
allel to the longitudinal direction with two positioning plates
35 and 35 which are in parallel to the diametrical direction of
the through hole 7¢, as shown in FIG. 147. The positioning
plates 35 and 35 are positioned in another surface side (an
upper side in FIG. 147) of the top surface portion 75. Further,
another side surface of the protection trunk 30 along the
longitudinal direction is provided in parallel to the longitudi-
nal direction with two tabular engagement pieces 36 and 36
(B915) which are in parallel to the diametrical direction of the
through hole 7¢. The engagement pieces 36 and 36 are
arranged alternately with the positioning plates 35 and 35 in
the longitudinal direction, and are positioned in one surface
side (the lower side in FIG. 147) of the top surface portion 75
of the truncated pyramid portion 7a. The engagement pieces
36 and 36 are arranged at positions which are asymmetric in
the width direction of the protection trunk 30 with the engage-
ment pieces 32 and 32 which are provided in one side surface
along the longitudinal direction of the protection trunk 30. A
dimension between the engagement pieces 36 and 36
becomes longer than a dimension between the engagement
pieces 32 and 32. In this case, the engagement pieces 32 and
32 and the engagement pieces 36 and 36 correspond to the
positions of four notches 7d, in the case that the lid 50 is
attached to the protection trunk 30.

Further, an outward protruding claw portion 37 is provided
in the another side surface of the protection trunk 30, and the
claw portion 37 is spaced at an appropriate length in the
longitudinal direction from the positioning plates 35 and 35,
and is positioned in another surface side (anupper side in FIG.
147) of the top surface portion 7. The claw portion 37 is
arranged at a position which is symmetrical in the width
direction of the protection trunk 30 with the claw portion 33
which is provided in the one side surface along the longitu-
dinal direction of the protection trunk 30. A dimension
between the positioning plates 35 and 35 and the engagement
pieces 36 and 36 is slightly longer than a thickness dimension
of'the top surface portion 76 of the truncated pyramid portion
7a. Further, a contact portion 38 (B91¢) which protrudes
outward along a corner portion and is formed as an [.-shaped
form in a side view is provided in the corner portion which is
positioned in another surface side of the top surface portion
7b in the one end portion side in the longitudinal direction, in
the another side surface of the protection trunk 30. A bent
portion 55 (B924) mentioned below comes into contact with
the contact portion 38.

As shown in FIG. 146 and FIG. 147, the connecting plate
30a is provided with a locking portion 39 which extends out
of the connecting plate 30a to one side of the axial direction.
Thelocking portion 39 locks to an edge portion of the through
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hole 7¢ along the width direction. A tongue shaped extension
portion 40 which extends in the longitudinal direction is
provided on an outer side surface in another end portion in the
longitudinal direction of the protection trunk 30. The exten-
sion portion 40 is positioned in one surface side of the top
surface portion 75, and an extending end portion of the exten-
sion portion 40 is provided with a locking projection 41
(B91d) which protrudes to another surface side in correspon-
dence to the locking hole 7e (B61c). The locking projection
41 locks to a locking hole 7e which is provided in an opening
manner in the top surface portion 75, and carries out a posi-
tioning of the protection trunk 30 in the diametrical direction
of the through hole 7c.

Both corner portions of the another end portion in the
longitudinal direction of the protection trunk 30 is provided
with positioning plates (positioning portions) 42 and 42
which extend out of a side surface along the longitudinal
direction and a side surface along the width direction. The
positioning plates 42 and 42 are orthogonal to a penetrating
direction of the through hole 7¢ and are positioned in one
surface side of the top surface portion 7b. The positioning
plates 42 and 42 exist at positions which are approximately
the same as the positioning plates 31 and 35 mentioned above
in the penetrating direction. Accordingly, the positioning
plates 31, 35 and 42 and the engagement pieces 32 and 36 are
arranged in both sides of the top surface of the truncated
pyramid portion 7a, and the positioning of the protection
trunk 30 in the penetrating direction of the through hole 7¢ is
carried out.

In this case, each of the engagement pieces 32 and 36 is
arranged at the position which corresponds to each of the
notches 7d, and in the case that the protection trunk 30 is fitted
to the through hole 7¢, each of the engagement pieces 32 and
36 is engaged with each of the notches 7d, and is positioned in
one surface side of the top surface portion 7. Further, the
locking projection 41 is locked to the locking hole 7¢ and the
positioning plates 31, 35 and 42 and the engagement pieces
32 and 36 are arranged respectively in both surface sides of
the top surface portion 75, by sliding the protection trunk 30
to another end portion side in the longitudinal direction in a
state in which the positioning plates 31, 35 and 42 are brought
into contact with the top surface portion 7. At this time, as
shown in FIG. 146 and FIG. 147, the positioning plates 31, 35
and 42 come into contact with the top surface portion 76, and
the portion in which the width in the axial direction men-
tioned above is expanded little by little, and the widened
portion in the protection trunk 30 fitted to the through hole 7¢
are positioned in a rear side rather than a front face of the
support plate 7.

The 1id 50 is arranged in the portion of the protection trunk
30 which protrudes to another surface side of the top surface
portion 75. F1G. 149 is a plan view schematically showing the
lid 50, FIG. 150 is a schematic side elevational view as seen
from a direction of F1 described in FIG. 149, FIG. 151 is a
schematic side elevational view as seen from a direction of F2
described in F1G. 149, FIG. 152 is a schematic cross sectional
view in a line XI-X1 described in FIG. 149, and F1G. 153 is a
schematic side elevational view as seen from a direction of F3
described in FIG. 149.

The 1id 50 (B92) is provided with a rectangular occlusion
plate portion 51 which is mounted to the protection trunk 30,
side surface portions 52 and 52 which are connected to an
edge portion of the occlusion plate portion 51 running from
one end portion to an intermediate portion in the longitudinal
direction, and a side surface portion 53 which is connected to
the edge portion of the occlusion plate portion 51 along the
width direction. As shown in FIG. 149, notches 54 and 54 are
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formed in both corner portions of one end portion in the
longitudinal direction of the occlusion plate portion 51. The
notches 54 and 54 are provided with bent portions 55 and 55
(B92a) which are connected to the side surface portions 52
and 52 and bent as an [.-shaped form in such a manner that the
notch 54 side is depressed. The bent portion 55 extends
toward one end portion in the longitudinal direction of the
occlusion plate portion 51, and a space is formed by the bent
portion 55 and the notch 54. As shown in FIG. 153, the
occlusion plate portion 51 is provided between the notches 54
and 54 with an elastic member 70 which protrudes to the bent
portion 55 side and extends in a width direction.

Another end portion in the longitudinal direction of the
occlusion plate portion 51 is slightly narrower than the inter-
mediate portion. An edge portion along the longitudinal
direction in the another end portion in the longitudinal direc-
tion of the occlusion plate portion 51 is provided with hook
shaped retention portions 56 and 56 (B91e) which protrude in
the same direction as the elastic member 70 (refer to FIG.
151). As shown in FIG. 150 and FIG. 152, retention holes 56a
and 56a are provided in an opening manner in a portion in a
side of the occlusion plate portion 51 of the retention portions
56 and 56.

Next, a description will be given of an attachment of the lid
50 to the protection trunk 30. FIG. 154 and FIG. 155 are
explanatory views explaining the attachment of the lid 50 to
the protection trunk 30. In this case, the description of the
electric conductor 25 is omitted in FIG. 154.

As shown in FIG. 154, in the case that the 1id 50 is attached
to the protection trunk 30, first of all, a plurality of electric
conductors 25 are inserted to the protection trunk 30 so as to
be arranged within the recess 30b. Next, as shown in FIG.
154, the lid 50 is set to an attitude which is inclined with
respect to the top surface portion 75, the contact portions 34
and 38 are inserted to a space which is formed by the bent
portion 55 and the notch 54, and the contact portions 34 and
38 are brought into contact with inner corner portions of the
bent portions 55 and 55. Further, the 1id 50 is approximated to
the protection trunk 30 while using the contact portions 34
and 38 as a supporting point, and the retention portions 56 and
56 are brought into contact with the claw portions 33 and 37
s0 as to be elastically deformed. Further, the 1id 50 is approxi-
mated to the protection trunk 30 and the claw portions 33 and
37 are retained to the retention holes 56a and 56a. At this
time, as shown in FIG. 155, the electric conductor 25 is
pinched between the elastic member 70 and the connecting
plate 30a within the recess 305. The connecting plate 30a is
flat, and a plurality of electric conductors 25 are aligned and
are in close formation within the recess 305.

In the display device in accordance with the embodiment
12-1, since a plurality of electric conductors 25 passing
through the through hole 7¢ are arranged within the recess
304, a plurality of electric conductors 25 are retained within
the recess 3056 in the case that the protection trunk 30 is
occluded by the lid 50, it is possible to bring together the
electric conductors 25 within the recess 3054 for a short time,
and it is possible to prevent the dusts from making into intru-
sion from the through hole 7c.

Further, since the electric conductor 25 is pinched between
the elastic member 70 and the connecting plate 30qa, and the
gap within the recess 305 is filled up as well as the electric
conductors 25 are closed up by the elastic force of the elastic
member 70, it is possible to bring together the electric con-
ductors 25 within the recess 305 for a short time, and it is
possible to securely prevent the dust from making an intru-
sion from the through hole 7c.
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Further, since the electric conductors 25 are easily aligned
within the recess 305 by the flat connecting plate 30q, and are
easily closed up, it is possible to securely bundle the electric
conductors 25 within the recess 305.

As mentioned above, the dimension between the notches
7d and 7d which are formed in one edge portion is different
from the dimension between the notches 74 and 74 which are
formed in another edge portion, and the dimension between
the engagement pieces 36 and 36 is longer than the dimension
between the engagement pieces 32 and 32 in correspondence
to the different dimensions. Accordingly, only in the case that
the protection trunk 30 is arranged in the through hole 7c in a
predetermined direction, the engagement pieces 32 and 36
formed in the outer peripheral portion of the protection trunk
30 is engaged with the notch 7d formed in the edge portion of
the through hole 7c¢. Therefore, it is possible to avoid such a
manner that the worker misidentifies the direction of the
protection trunk 30 at a time of assembling the display device,
and attaches the protection trunk 30 to the through hole 7¢,
and it is possible to rapidly and securely assemble the display
device.

Further, since the positioning plates 31, 35 and 42 come
into contact with the top surface portion 75 by fitting the
protection trunk 30 to the through hole 7¢ provided in the
truncated pyramid portion 7a, and the portion in which the
width in the axial direction is expanded little by little men-
tioned above and the portion in which the width is widened
are positioned in the rear side from the front face of the
support plate 7, in the protection trunk 30 fitted to the through
hole 7¢, the protection trunk 30 does not come into contact
with the parts which are arranged in the front face side of the
support plate 7, and the assembly of the display device is not
prevented by fitting the protection trunk 30 to the through
hole 7c.

Further, since the locking hole 7e and the locking projec-
tion 41 are provided in the support plate 7 and the protection
trunk 30, thereby carrying out the positioning of the protec-
tion trunk 30 in the diametrical direction of the through hole
7c, it is possible to securely attach the protection trunk 30 to
the through hole 7c.

Further, since the positioning of the protection trunk 30 in
the penetrating direction of the through hole 7c¢ is carried out
by the positioning plates 31, 35 and 42, it is possible to
securely fix the protection trunk 30 to the through hole 7c.

Further, since the contact portions 34 and 38 are brought
into contact with the corner in the inner side of the bent
portions 55 and 55 and the lid 50 is rotated toward the pro-
tection trunk 30 by using the contact portions 34 and 38 as a
supporting point, in the case that the lid 50 is attached to the
protection trunk 30, the worker can easily attach the lid 50 to
the protection trunk 30, and it is possible to efficiently manu-
facture the display device for a short time.

Further, since the lid 50 is fixed to the protection trunk 30
by retaining the claw portions 33 and 37 to the retention holes
56a and 56aq, it is possible to prevent the attached 1id 50 from
being detached from the protection trunk 30.

Further, since any complicated shape for inserting the elec-
tric conductor 25 without damaging, for example, a groove
formation is not applied to the support plate 7, the support
plate 7 can be manufactured for a short time. Further, it is
possible to prevent the electric conductor 25 from being
scratched by the edge of the through hole 7¢, because of the
protection trunk 30.

In the display device in accordance with the embodiment
12-1, the notch 74 is formed in the through hole 7¢, and the
engagement pieces 32 and 36 are provided in the protection
trunk 30, however, an engagement piece may be provided in
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the through hole 7¢ and an engagement recess 305 with which
the engagement piece engages may be provided in the outer
periphery of the protection trunk 30. Further, the retainer
projection is provided in the extension portion 40, and the
locking hole 7e is provided in the top surface portion 75,
however, a retainer projection may be provided in the top
surface portion 75, and the locking hole 7e may be provided
in the extension portion 40. Further, the recess 304 is formed
only in the protection trunk 30, however, may be formed in the
1id 50, and the mutually opposed recesses 306 may be formed
in both the 1id 50 and the protection trunk 30.

Further, the display device in accordance with the embodi-
ment 12-1 uses the LED 9 as the light source, however, may
use a fluorescent tube as the light source. In this case, the
fluorescent tube is attached to the support plate 7 via a lamp
holder. In this case, the configuration may be made such as to
use a self luminous panel, for example, an organic EL panel as
the display panel without using a light source such as an LED
or a fluorescent tube, and input a control signal to the display
panel from a signal processing circuit 21.

Embodiment 12-2

A description will be in detail given below on the basis of
the accompanying drawings showing a display device in
accordance with an embodiment 12-2. FIG. 156 and FIG. 157
are explanatory views explaining an attachment of the 1lid 50
to the protection trunk 30 of the display device, and FIG. 158
is a perspective view schematically showing the vicinity of an
engaging shaft in an enlarged manner. In this case, the
description of the electric conductor 25 is omitted in FIG.
156.

As shown in FIG. 156, two claw portions 80 and 80 are
provided respectively in both side surfaces along the longitu-
dinal direction of the protection trunk 30, and the claw por-
tions 80 and 80 are positioned in another surface side of the
top surface portion 75. Side surface portions 58 running from
another end portion to an intermediate portion are respec-
tively provided in both edge portions along the longitudinal
direction of the occlusion plate portion 51, and the side sur-
face portions 58 are provided with two retention holes 58a
and 584 corresponding to the claw portions 80 and 80 in an
opening manner. Another end portion of the occlusion plate
portion 51 comes to a thin elastic plate portion 51a, and
contact shafts (contact portions) 515 and 515 protruding in a
width direction are provided in both corner portions of the
elastic plate portion 51a. L-shaped bent portions 45 and 45
extending outward from both side surfaces of the protection
trunk 30 along the longitudinal direction are provided in one
end portion side of the protection trunk e 30.

In the case that the 1id 50 is attached to the protection trunk
30, first of all, a plurality of electric conductors 25 are inserted
to the protection trunk 30 so as to be arranged within the
recess 305. Next, as shown in FIG. 156, the 1id 50 is set to an
inclined attitude with respect to the top surface portion 75,
and as shown in FI1G. 158, the contact shaft 515 is brought into
contact with the inner corner portions of the bent portions 45
and 45. Further, the lid 50 is approximated to the protection
trunk 30 by using the contact shaft 515 as a supporting point,
and the side surface portion 58 is brought into contact with the
claw portions 80 and 80 so as to be elastically deformed.
Further, the lid 50 is approximated to the protection trunk 30,
and the claw portions 80 and 80 are retained to the retention
holes 58a and 58a. At this time, as shown in FIG. 157, the
electric conductor 25 is pinched between the elastic plate
portion 51a and the connecting plate 30a within the recess
30b. The connecting plate 30a is flat, and a plurality of elec-
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tric conductors 25 are aligned and closed up within the recess
3054. In this case, an elastic member 70 may be provided in the
elastic plate portion 51a, and the electric conductor 25 may be
pinched between the elastic member 70 and the connecting
plate 30a.

Inthe structure of the display device in accordance with the
embodiment 12-2, the same reference numerals are attached
to the same structures as the embodiment 12-1, and a detailed
description thereof will be omitted.

As this invention may be embodied in several forms with-
out departing from the spirit of essential characteristics
thereof, the present embodiments are therefore illustrative
and not restrictive, since the scope of the invention is defined
by the appended claims rather than by the description preced-
ing them, and all changes that fall within metes and bounds of
the claims, or equivalence of such metes and bounds thereof
are therefore intended to be embraced by the claims.

What is claimed is:
1. A reflection sheet that reflects light emitted from a light
source, comprising:

a flat portion; and

a frame portion that continues in a foldable manner with a
first fold formed on a rim of'the flat portion and a second
fold between a corner of the flat portion and a rim at a
corner of the frame portion,

wherein a rim of the frame portion, and the flat portion are
formed in a substantially square shape, and

wherein the frame portion has a slit formed in a direction
from the corner of the flat portion along at least opposing
two sides of the flat portion.

2. The reflection sheet according to claim 1,

further comprising a defect portion between a corner of the
flat portion and a rim of the frame portion.

3. The reflection sheet according to claim 1,

wherein the second fold is provided in a divergent manner
from the corner of the flat portion to the rim at the corner
of the frame portion.

4. A light source device, comprising:

a light source;

a support case that supportingly houses the light source;

the reflection sheet according to claim 1 which reflects
light applied from the light source.

5. The reflection sheet according to claim 2,

wherein the frame portion is formed in a substantially
square shape, and

the defect portion is provided in a divergent manner from
the corner of the flat portion to a rim at a corner of the
frame portion.

6. The reflection sheet according to claim 3,

wherein a rim portion at the corner of the frame portion has
a defect portion between the second folds.

7. The light source device according to claim 4,

wherein the light source is a light-emitting diode,

further comprising a plurality of circuit boards on which
the one and another of the light-emitting diode are
mounted and arranged.

8. A display device, comprising:

a display unit that has a display surface at one side thereof;,
and

the light source device according to claim 4 which is pro-
vided at the other side of the display unit.

9. The reflection sheet according to claim 5,

wherein the frame portion has a lapped portion in which
respective edges of the defect portion agree, when the
frame portion is folded at the first fold obliquely with
respect to the flat portion.
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10. The reflection sheet according to claim 3,

wherein the corner of the frame portion has a binding
member bound to a folded portion that is folded at the
second fold.

11. The reflection sheet according to claim 6,

further comprising four collar portions that continue in a
foldable manner at a third fold formed at a rim of a
substantially square shape in the frame portion,

wherein two both ends in a length direction of two oppos-
ing collar portions project in the length direction further
than the defect portion.

12. A reflection sheet that reflects light emitted from a light

source, comprising:

a flat portion; and

a frame portion that continues in a foldable manner with a
first fold formed on a rim of'the flat portion and a second
fold between a corner of the flat portion and a rim at a
corner of the frame portion,

wherein a rim of the frame portion, and the flat portion are
formed in a substantially square shape, and

wherein the second fold is provided in a divergent manner
from the corner of the flat portion to the rim at the corner
of the frame portion.

#* #* #* #* #*
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